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PREFACE* 


The form wlxich this l)ook has taken expresses the desire of those who liave 
contributed tlie various sections to produce something which they might dedicate 
to tlxiir former teacher and master, Sir William Turner. With one oxcoptioii? 
all ’th^ contributors have studied under Sir WilHam Turner, and all but two 
have for longer or shorter periods acted as his Assistants. Bound togethgr by this 
common tie, and animated by affection and reverence for tluur great master, they 
have sought to produce a book worthy of him whose teaching it so largely reflects, 
and if this object has not been attained it is not for want of will, but of powcu*, on 
the p 4 rt of the writers. 

In the prej)aration of a work such as thi^j it is no easy matter to prw^ent ovt»r- 
lapping of the dillerent articles and to keep the various sections in harmony withi 
eacli other. Yet in this direction it is believed that a fair amount of success Jias 
been attained. Differences of opinion on particular points were bound to arise, 
but the Editor found in those oonoernod the greatest readiness to come to a luutuaV 
understanding, and he is deeply grateful to his colleagues for the maimer in which 
they endeavoured to lighten his work and assist him in his task. Of CjpufSe wheu 
totally different views were held by two authors on a matter wliich Imd to be dogilt 
with in two sections, no serious attemjxt was made to urge these wflters to qualify 
their statement^ so as to produce an apparent agreement. It was felt that if* this 
were done the individuality of the author, which fowns a characteristic feature of 
each article as it stands, would thereby Ije damaged; and further^it was beUoyed 
that'the same question discussed from two different points of view could not foil; 
to be of advantage to the reader. At the same time it is right to state that 
places ^ m which a divergence of opinion appears are very few, and taking into 
accouii^ that nine writers have ooi operated with the Ji;ditor> a reiilarkable degree 
of harmony in the treatment of the different sections *008 been obtain^di ; ^ 

;i The recent introduction of Formalin as i h^ preServing^^W^ 

in^jpe^d an especiaUy arduous duty upon tiio^ writers undertake 

^chapters dealing witli thd thoracic and abdbniihal yisoera. 
jb^blishing a inapfovihg our opnc<^^ 

ai^uUied b^ ^ 

and^/in. 
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PBEFACE, 


devoted to the general principles and eleni|ntary facts ^)f Embryplo^, * Then;; 
follow, in ail order test suited for the 'student, the chapters dealing with; tlie 
various systems of organs; whilst the last seven ty-five pages are used, for the 
pihpose of applying the infonuation conveyed in the preceding part of Ijie, book 
to the practice of medicine and surgery. Each chapter is more* or less complete 
in itself, although an effort has been made to weld them all into ene consistent 
whole. 

The numerous illustrations whicli appear in the text are all new in the sense 
that in no case has an old drawing or an old ^)loclc been used. Further, the vast 
majority of the illustratiotfs are new in the sense that they are original. The 
very few that are not have been taken Irom monographs dealing with the subjects 
so illustrated, and in every case the source from wliich these have been obtained 
is aeki|owlci^lged in the text. The drawings for each section \yere prepared iJnder 
tiie personal supeiwision of its author, and, with the exception of the ligures in 
two chapters, they are thes work of Mr. J. T. Murray. This talented artist has 
devoted much time to the undertaking, and the reader can judge for himself the 
success which has attended hii' efforts. Tlie Editor Ciiimot sufficiently express his 
indebtedness to Mr. Murray for the great technical skill and the patience which he 
brought to hear upon this extremely trying {ind difficult work. The chapter on 
Osteology ha's been illustrated by Mr. W. 0. Stevens ; that upon Embryolog}' by 
the authors themselves ; whilst the microscopical drawings in the section on the 
Brain and Cord were executed l)y Mr. Wm. Cathie. It is also necessary to mention 
tliat the foluurcd outlines representing the attachments of the muscles on the 


4gures of the bones were mapi)cd in by Professor A. M. Paterson. 

The Editor has to thank his former Assistant, Professor A. F.‘ Dixon of Cardiff, 
for much help in^the coiTection of the proofs. 


• TuINIJY CoLLEOK, IniULIN, 
JuM 1902 . 
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118. Inner Aspect of Left Half of Skull 

Sagittally Divided . . , 167 


119. Na,sal Se])1iiin as seen 1‘rom Left 

Side . : . . . . 169 

120. Part of tin? frontal, Nasal, and 

Suj)erior Maxillu.iy Bones re- 
moved from Skull ^-o display the 
relation of the \ai*ious cavities 
<*xposed . . . . . 170 

121. Coronal Sec.tiofi of Skull passing 

inferiorly through Interval be- 
tween l^’irst and Second Molar 
Teeth 171 

122. Right Clavicle as seen from Above 178 

j 123. Right Clavicle as seen from Below 179 

124. Ossification of Clavicle . . . ,180 

125. Riglit Scaj^ula as seen from Behind • 181 

126. Riglit Scapula as seel; from the 

Front 182 

127. Ossification of Scapula . . .184 

i 128. Anterior View of Right Humerus . 185 

I 129. Posterior View of Bight Humerus . 186 

j 130. Head of Right Humerus as seen < 

I from Above 187 

131. Lower Extremity of Riglit Hiimei'us 
I % as seeh from Below . c . 187 

I 132. Lower End of Riglit Humerus as 
I seen from Outer Side . . . J.87 

i 133. Ossification of Humerus . . .189 

134. Right Ulna as viewed from Outer t 

Side .. . . . . \ l9d 

135. Radius and Ulna a.s seen from the 

Front . . . . « . . 192S 

136. Ossification of Ulna . , , 

tl37. Radius and Ulna as seen from - v 
Behind , . • . 194; 

* 138. Ossification of Radius . • . 196. 

139. Bones of Right Wrist a,nd Hand as , 

seen from The Fixait , . . 19^7 

140. Bones of the Bight Wrist ^ 

r Hand as seen from Behind > > : , : 

141. Bight Scaphoid Bone . , 

142v Bight Seujilimar Bone ; 

. 143. ^^ht Cuneifbrni Bone > ■ : 



LIST OF TELUBTRATIONS. 


no. l‘AOE j 

144. Right Pisiform Bom* . •200*, 

145. Right Trapezium . 20() j 

146. Right Trapezoid . 201 \ 

147. Right Ofi Magniini. . . . 201 

148. Rigiit tJiidform Bum* . . . 202 

149. First Right Metiicarpal Bom* . 203 

150. Second Metacarpal Boiie . . 204 

151. Thinl MetAcarpal Bone . . 204 

152. Fourtli Metacarpal Bom* . 205 

1 53. ^ Fifth Metacarjjal Bone . . . 205 

154. Phalanges of the Fingers (palmar 

aspect) • 206 

155. Right Innominate Bom*, as seen 

from Outer Side .... 208 

156. Right Innominate Bone (inner 

aspect) 209 

157. Ossification of the Innominate* 

Bone . , . . . 213 j 

158. Male Pelvis as seen from the Front 214 

159. Female Pelvis as seen Iroin tin* i 

Front 214 i 

160. Rmht Femur as seen from ^ the. i 

Front 217 j 

161. Right Femur as seen from Behind . 218 | 

162. Back View of UpjHU* End of Right I 

^ Femur 219 I 

163. * Lower End of Right Femur (outer 

side) 221 

164. Lower End of Right Femur as seen 

trom Below 221 

165. Ossiticatiou of Femur . . . 223 

166. Right Patella (anterior and posterior j 

surfaces) , . . . . . 223 j 

J67. Upper Surface# of Superior E.v- ! 

tremity of Right Tibia . . 224 

168. Right Tibia and Fibula as seen 

from the Front .... 225 

169. Ossificatioii of tlie Til)ia . . , 228 

170. Right Tibia and FiVmla as. seen 

from Behind .... 229 

171. Right Fibula as seen from Inner 

Side 230 


KH5. TAOK 

172. Ossification of Fibula . ^ 232 

173. Bones of Right Foot as seen JVom 

Al)ove . . . • ♦ • • 233 

174. Bones of Right Foot as .seen from 

Below . . . . ^ . 234 

175. Riglit Astragalus (u]> per ami under 

.surfaces) 235 

176. Right Astragalus (from outer and 

inner sides) 235 

177. Riglit O.S (..lalcis as seen from Above 236 

178. Riglit Os Calcis as seen from Below 236 

179. Right Os Calcis (outer and inner 

sides) 237 

180. Right Navicular Bom* (from front 

and behind) . . . . . 238 

181. Anterior View of three C 'Um*ifovm 

B 0110 .S of Right Foot . . 239 

182. Right Intornal Cimeiform*(inn/*r 

side) 239 

18.3. Right Internal Cuneifonii (ratter 

side) . . . 239 

184. Righ t Mir bile ( hineiforni (inner ^ 

sideb 239 

185. Right Middle (hineiform (railiT 

side) . . . . . . 239 

186. Right E.vtenial (hineiibrm (inner 

side) . . . . • . . 240 

187. Right External Cuneiform (outr*r » 

side) 240 

188. Rigliti Culioid Bone (outer ami 

inner sides) 240 

180. First Metatarsal Bone of Bight- 

Foot (jilantar aspect) . . . 242 

190. Bases and Bhaft/S of Second, Third, 

and Fourth MeUtoiml Bones of • 
Right Foot (inne/ ami <ail(‘.r 
sidc!^ 243 

191. Fifth Right Metatarsal Bom* ((forsal • 

aspect) 243 

192. Phalatiges of the. Toes (dorsal • 

aspect) . . . . .214 


ARTICULATIONS OR JOINTS. 

• • 

193. Vertical Section through a Suture. 247 207. Stenio-clavicular and Oosto-stemal 

194. Section throtigh the Ocrdpito- Joints , . • . 264 

sphenoid Synchondrosii^ • • 248 208. Capsule of ^Shoulder -joint and 

195. Sutura Serrata . . . . 248 Ooraco-acromial Ligament . . 208 

196. DiarthrodialJoiiit . . , . 249 209. Caiisular Ligament of Shoulder- 

197. Diarthrodial Joint with an Inter- joint cut acims aud Humerus 

ai4»icular Meniscus . . . 250 •) i*eiiiove<l . « # . .. 209 

198. Meiial Section throi^h portion of^ 210. Vertica'^SlictionthToughSlioulder- 

Luml^r part of Spine . .. . 254 joint . . . . ^ . , 270 

199? Anterior Commoh Ligament of 21 L Anterior View of Ellxiw-joint * . 2^1 

VertebraL Column, and Oosto 212i Elbow-joint (inner aspeefi . * . 272 

• ^.rtebral Joints as seen from tile 213. Vertical Section througli Tmdilear c 

Front . . . . . 254 j partofElbww-joint \ . . 27^ 

200. Posterfor Common Ligamftit of 214. O^icular Ligament of .^^ 2 

VertelJral CohihiD . , . . 255 21& CarpaLftrticular Suifa(Xiof 

201. Ligameiita Subilava as seen fi’om • i» and ^ Triangular Fibi'o-Cartilage 

■■ the'^^nt- V . . •' 

202. Mesiat Section ihroimh Occipito- ^ 

•atMd al^ Atio-axoia Joints . ^257 . Carpal, and Oarpo- ; 

203. Ligaments coimecting . ; ; • 

fione/ Atlas, and Axis ; . . ■ 258 : 

204 Tempbrp-nrnndibulas?; Joint V . ijt v 

205. .'Section.;;- V Jpiiim 

206. ■ Iniei^ ■ ':Liganiinm. v of ./■ ■ J : 

: v ■ :Temp6ix^niaia4ibuiitt!. Joii^v : : ; 
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LIST OF ILLUSTliATlONS. 


via. rA«K 

220. Pelvic Ligaiiicnts as seen froJii Be- 

*}iiud 283 

221. Dissection of Hip-joint . . . 285 

222. Dissection ot‘ Hip-joint from the 

Front- .* 287 

223. Dissection of Knee-joint from the 

Fi’ont . . . . . . 290 , 

224. Dissection of Knee-joint from Be- 

hind 291 

225. Up])e*r e.nd of Tibia, with Senii- 

hinar Pavtilages ami attached 
])ortions of Orncial Ligament s . 292 


Flu. * JPAO* 

^ 226ji* Posterior Aspect of Inferior Tibio^ 

fibular and Ankle-joints . . 295 

227. Articular Surfaces of Tibia and 

Fibula which are oppo^sed to the 
Astragalus . . . . * . 296 

228. Ligaments on Inndi* Aspect of 

Ankle and Foot . . . . 297 

229. Ligaments on Outer Aspect of 

Ankle, and on Dorsum and Outer 
Aspects of Foot . . . . ^'298 

230. Ligaments on Plantar Aspect of 

P"oot . . . . . . 300 


AIUSCULAR SYSTEM. 


231. SuperLcial Muscles of the Back . 308 

232. Anrf-erioV Muscles of the. Trunk . 31 1 

233. Scrratus Magnus Musch* . . 312 

234. Deltoid Region and Back of the 

Arm . . . . . .314 

^235. Posterior Wall of Axilla and Front 

of the Arm (the Bice])S being 

divided) . . . / . 315 | 

236. Superficial Muscles on P^ronl of I 

Arm and P^orearm . . . 318 j 

237. Muscles on Back of Ann, hVireaian, i 

and Hand . . . . . 319 

2Ji8. Palm of the Hand (Sii]un‘ticial Di.s- | 

section) ..... 321 | 

239. Muscles and Tendons in the Palm 

of tlj^e Hand . . . . 322 

240. Section across Foreai'in in Miildlc 

Thiixi . . . • . . . 32«1 

24L Muscles and Nerves on P'ront of 

Forearm and Hand , . 325 

242. Tendons attached t»o Index Fiiigei* 326 
,243. Deep Muscles on l^’ront of P\»rcnrm 

and Hand . . . , 327 

244. »Sliort Muscles of the Hand . . 328 

245. Palmau Interosseous Mu.scles . . 330 

246. Dorsal Interosseous Musclesof Hand 330 

247. Muscles of ij^ack of Foi vsii JU . . 333 

248. The Groin. Strnelun^s between 

• the Laj^ei’s of Superficial T<'a.scia . 337 

249. The Groin. Struclures on 

removal of Suiierficial Fascia . 338 

250. Superficial M[uscles of Back . . 339 

251. Muscles on F’j’ont of Thigh . . 341 

252. Transverse Section of Thigh (Plun- 

ler’s Canal) 342 

253. A’^iew of Posterior Abdominal Wall, 

Jo show ‘Muscles ^,ind Nerves of 
Liunbo-sac-ral Plex us . ‘ . 344 

254. Sclienu* ol‘ Course and DistrB)Ution 

of Gbturator Nerve . . . . 346 

255. Post^h'ior Surface, of TJngh (Su]h*i - ^ 

fieial Muscles removed) . . 347 

256. Gluteus Maximus Mius^h^ . . 348 

257. Muscles and NA ves of Buttock . 349 

258. Mmscles on Back of Thigh ‘ . . 351 

259. Coronal Section through Left Ankle- . i * 

L joint, Astrtigalus, and Calcaiieum 354 

260. ' Plantar Fasc ia amrPlanlar Out ane- 1 

ous Nerves 355 'l 

i61. Muscles of P’ront of Higlit Leg anil j 

Dorsum of p\iot . . . . <» c^356 j 

262. ^Insertions i>f Peroneus Longus and 

Tibiali.s l\)sticus Mmscles in Si>]e | 

of Right P^oot t • • • • ! 

263. Sole us Muscle ’ , ; . . 358 | 

264. Deei^ Miisele« on Hack of Left Leg 359 i 


266. 

267. 

2()a 

269. 


270. 


271. 


265. Muscles of Rigid- P'oot (after re-^ 
. moval of Phrst Layer) . 

Muscles of Right P'oot (after re- 
moval of Plantar Fascia) 

Muscles of Right P''oot (after re- 
moyal of Second Layer) 
Interosseous Mus(4.es of the Foot . 
Transverse Section through Abdo- 
men, opposite the, Second Lum- 
bar Vertebra .... 
Schematic Representation of parts 
of Plrector Spinie Muscle 
Scheme of Muscular Attachments, 
to Cervical Vertebrae . 

272. Deejjer Muscles of tlie Back . 

273. Suboccipital Triangle . 

274. TVansverse Section^ in Cervical 

Ri:^gioii (between P’ourth and 
Phfth Cervical Vertebrje) . 

275. Muscles of PAice and Scali» (Muscles 

of Expression) .... 

276. Transvei'se A^'ertical Section through 

Orbit to show arrangement of 
Muscles 

277. Musciles of tlie Orbit (frojn Above) 

278. Muscles of the. Orbit (from With- 

"«t) 

279. Nerves wliicJi traverse*, the Cavity 

of tlie Orbit . . * . . . 

280. Muscles of Mastication (super ticial 

view) 

281. Muscles of Mastication, deeper 

view (Zygoma and Masseter 
Muscle removed) 

282. Pterygoid Region . . . . 

283. Muscles of Hyoid Bone and Styloid 
^ Process, and Plxtriusic Mu.scles‘of 

Tongue with their Nerves . 

284. Triangles of the Neck (Muscles) 

285. Posterior View of Pharynx and 

Const rictor Muscles . , . 

286. Lateral A^ia^v of A\''all of Pharynx' . 

287. Prevertcbral Muscles of the Neck . 

288. Scheme of Muscular Atta&ments 

to Cervical A^ertebras . 

289. Muscles of the^ Tliol'acic AVall . 

290. Diaphragm (from Below) *. . 

291. A^iew of Posterior Abdominal Walls 

to show ^nscles and Nerves of 
Luml>o-sacral plexus . . . 

292. ^The Gixiin. Structures between 
4 : the Layers of Superficial P*a6cia . 

293. ‘transverse SAstioiv throiigh AbcfeT:; 
.r men, opposite SecpncL ^ 

Vertebra . ' :..V' '■ .o.- 


360 

361 

362 

363 

,.366 

367 

368 

369 

370 

374 

375 

378 

379 

379 

380 

381 


382 ‘ 
382 


384 

€^186 


390 

392 


394 

395 


390 



LIST OF aLUSTEAttONS. xxi 

no. ^PAOP. KIU. pauk 

294. The Groin. 811*1101111*68 seen on • 302. Triangnlav Ligaiaeiit of P«ri* 

removal of Superficial Fascia . 399 iu*uin, and Termination of Piulic 

295. Anterior Muscles of the Trunk . 400 Nerve . . . . • . . 408 

296. TlnS Groin. Structures seen on 303. Di.ssection t>f llu* Pelvii Fascia 

removal of •part of Ohliqnus from Above . . , . . -109 

Externus . . . . . 401 304. Oldiqiic •Section, aeitjss Pelvis, to 

297. The Groii». Structures seen on show Disposition of Pelvic Fascia 

reflexion of jiart of Obliquiis and boundaries of Isclno-rectul 

• Interims 102 Ftissa 410 

298. Sheath of tlie Rectus Abdominis 305. Outer AVall of tlu* Pelvis (Pelvir 

Muscle ^ 403 Fascia) . . . . . . 410 

299. Ikisterior Abdominal Wall, to show 306. Fascial and Muscular Wall of the 

Muscles and Nerves of Lumbo- Pelvis ^fter ri*inoval of part of 

sacral Plexus ... . 404 Left Innominate .Bone . . 411 

300. Muscles and Nerves of Male P(*ri- 307. Disposition of the Mvotomes in the 

^neiim ...... 407 Eml>rvo in relation ti> the tfead, 

301. Sliiscles and Ntu*ves of Female . Trunk, and Limbs . 412 

Perineum (after Peter Tlioni])sou) 107 


DRAIX AND SPINAL (X)IU). 

• 

308. Nerve-fibre, from a Frog (after ! 327. Two •Stages in l)evelo])ment of 

V. K(i Hiker) . . , . . 415 Human Brain (all <‘r Ills) . . 44 J 

• 309. Transverse Section through l^arly 328. Twt> Cross-setitions through the 

• Neural Tube, d i agramm at i rally Fore-braiii 112 

rcipresented (after A. H. Young) . 417 329. Brain of Hnmau Embrycf in t.ln» 

310. Developmental Slage!< exhibited fifth week (after Ilis) . . . 443 

l)y a .Pyrainidal Cell of the Brain 330, Profile View of Brain of Human 

(aft er flainou y Cujal) . , . 117 Embryo of ten. weeks (after 11 is) 444 

311. .Diftlgram of the. Ooniiexion cstab- 331. Alar and Basal Lamitne. (after 

lislied by a Ganglionic and a His) 1.44 

Motor Neuron (Ramon y Cajal) . 418 332. Front View ^f Medulla, Pons, aiul 

312. Tliree Stages ih Dev(do])meut of Mesencephalon of Full-tinuf Hn- 

a Cell from a Spinal Ganglion . 419 ! man Fmtus 446 

313. Section through the Central Canal 333. Ihick \'iew of Mi*dulfii, Pons, an<l 

of Spinal Cord of Human Km- Mescnccplialoii of Full-liiinjlht- 

bryo, showing Eptmdymal and man Feutus . . . . . 44> 

Neuroglial Cells (after v. Leii- 334. Decussation of the Pyramids (modi - 

liossek) ..... 419 I lied frouj van GidmchUm) . . 4^48 

314. Human Foetus in thii*d month of : 335. Lateral View of Medulla, •Pons, 

Deveh)j)ment, with Brain and and Mesenceplialon of Full-tiiiie • 

Spinal Cord iLxjjosed from Be- Human Ftetus . • . . 449 

• hind . , . . . . 426 336. Two Sections through the .Jnnethm 

315. Coiius MeduRaris and Filum Ter- bettfecn the fJord and Me- "* 

miiiale. exposed within 45pinal duHa^f the Grang . . . 453 

Canal . . . . . , 421 j 337. Transverse Section through Lower 

316. Roots of Origin of Seventh Doi-sal End of Minlulla ui"* hhiU-tinuv 

Nerve-. . . . 422 ; Fojtus i •. . . . . 454 

• 317. Section through Conus Med ullaris j 3JJ8. Section thvougli CIosckI Part of 

ai|d .Cauda Equina as they lie in Hiiinau Mediilla alwve the. De- 

1% Spinal Canal. . " . . 422 J ciissatiou of the Pyrarnyls . . 455 

318. Sj^inal Cord as seen from Behind 423* 339, Tmnsverto Secrtou*through Olosetb 

319. Transverse Section through ILjper > Part lif Frntal Medulla . ' . 456 

• Part Of Cervical Begiori of the - 340. Ti'^nsverse Section throisgliv H^^^ 

Coi*d . . . . . . 424 , man McKlulIa 4n 

32<ik Section thimigh each of the Four Begipu * . . , , ; 467 

* Regions of the Cord . " .y . . 426 341. Transverse Section through tlie 

32 1. Transirei'se Section ihroiigh the , of Tlie OB ^^ary Region of . , , 

Whit^Mattor of the Goi*d, as - V the Bauman M 458 

through the MicrQ8c6]x» • . . 431 . Shows in part the wJiich 

322i Diagrammatic Representatioii^^^^^O a ? * eiiter inlo the Constitution of M 

■ ■■ ■.T*aTfevem\.Sckjtion* throi]^h.’^ .vy'Restifbrm/Bod.yj’/ /^ ■.■460';' 

323, ..5die3»a.S<)f tf:' Ti:^8verge ■;Section >r' 

: ^ . through: the; "Nfaiii:; Tube ; . S:;. f .the- Iibwer;.iVi^ 

. (after ^■Ar.Rb 

■324:. .ThrebvRh9^.^in' ^:4mi 



xxii LIST OF ILLUSTEA-TIONS. 


ri«. 

346. Siiction through U]^)er Part of 

Pou8 Varolii of Oraiig, ahoA^e 
tlui L3vel of the Trigeminal 
‘ Nuclei .V . . . . 

347. Two Sections through the Tegmen- 

tum of the Pons at its* Ujiper 
Part, close to tlie Mesence])halou 

348. U])per Surface of Cerebellum 

349. Lower Surface of Cerebellum 

350. Sagittal Section thi'ough Left La- 

teral H^inisphere of Cerebellum 

351. Mesial Section through Corj)us 

Callosum, Mesencephalofi, Pon.s, 
Medulla, and Cerebellum . 

35^. 'Jhnnsverse Section through a Cere- 
bclh\y Folium (after y. Kolliker) 
353. Sectioif^ through the Molecular and 
Granular Ijayers in tin*. Long 
Axis of a Cerebellar Folium 
(after v. Kiilliker) 

<354. Jliagram of the S])inal Origin of 
tint Spinal Accessoi e Nerve (after 
Bruce.) . . . * . . 

355. Section through Upper Part of Cer- 

vical Begion of tlie Cord (Orang) 

356. Brain Connexions of Vagus, Glosso- 

pharyngeal, Auditory, Facial, 

< Al )ducei 1 1, and Trigem i’nal N (*r ves 

(founded on a .somewliat similar 
diagram by Obersteiner) 

357. Central Connexions of Coclilear 

and ^V^estibular Uivisioiis of tlie 
Auditory Nerve (fouudi^d on 
Di'awings by Kdiuger and Feriler 
and Turner), .... 

358. Section tlirough Pons Varolii of 

Orang 

*359. Iiitrapoiitiiie Course jnirsued by 
the Facial Nerve 

3u0. Section^ through Pons Varolii of 
Oj’aiig, at LeA-el of the Nuclei of 
^ the Trigeminal Nerve . 

361. Three Sta^^s in Jlevelojmieul of 
, the Medulla Oblongata (modified 

from His) ..... 

362. Hevelojuuent of the CeivViellum 

(after Kuiyum) .... 

363. Roots of the 6]>tic Nej ve 

364. Cut Surface of a Ti‘ausveT.se Sec- 

tion tlirough U])]ier Part of 
Meseucejihaloii .... 

365. TraiisA^ersecSectio^i through Human 

‘ Mo^ieuceiihalou at*^ Level of the 
Inferior Quadrigeminal 13<Vly 

366. Traiu^yerse Section through Hii- 

nutti Meseuceplialou at Level of 
Superior Quadrigeminal Body . 

367. Section througli Inferior Quadri- 
‘ gemiual Body and Tegmentuiu 

of the Mesencephalon below Level 
of N ucleiis of the Fourth Nerve . , 

368. Section through Inferiov Quadri- 
' geiniiuil Body avid Tegmeutum 

of the Meseuceplialou, at slightly 
^ lower Level than Fig. 367 . 

369. Coiinexious of the Posterior Loiigi- i 

tudinal Bundle (after Held) 

376, *i0onnexi()h8 of Urn Mesial Fillet 
and also of cei-taiii i»fth(‘Thalam(»- 
eortical Fibres, . . . . * . 

371. Section tbrongh lufeyitu’ Quadri- 
geminal Botiy and Tt^uientum u 
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466 


467 

468 
470 

47J 


473 


474 


475 


477 

477 


479 


^ of the Mesencephalon at Level 
of Middle* Part of Nucleus of 
Trochlear Nerve . . . . 

372. Section thi*ougli Inferior Quadri- 

geminal Body and Tegmentum of 
Mesenceiilialon at Level of Lower 
Part of Nucleus of ffrochlear 
Nerve 

373. Two 0])t.ic Thalami (as seen from 

Above) 

374. ^Schema. Founded on the Obser- 

vations of Fleclisig and Ferrier 
and Turner 

375. Coronal Section through Cerebrum 

of an Orang passing through the 
Subthalamic Region . . . ^ 

376. Mesial Section through the Pitui- 

tary Region (after Symington) . 

377. Mesial Section throngli the Pitui- 

: tary Region in the Adult . 

I 378. Mesial Section tlirough Corpus 
Callosum, Dieiiccpbalon, etc. 

: 379. From a Cast of the Ventricles of 
the Brain (after Retzius) 

380. Central Connexions of Optic Tract 

381. Gyri and Sulci, on outer surface of 

Cei'ebral Hemisphei*(* . 

382. Development of the Insula and 

Insular Operc.ula . . 

I 383. Development of the Oi^ercuhi Avhich 
I cover tlie Insula 


480 

483 

484 

•185 

487 

489 ! 
491 I 


384. Fissure of Rolando oj^ened up, to 
exhibit the interlocking Gyri and 
Dce]> Annectaut Gfyriis 

385. Left Cerebral Hemisiihere, i'rom a 
Fcetns in early part of seventh, 
mouth of Deveiopmeut 

386. Gyii and Sulci on Mesial As]iect of 
the CcM'ebral Hemisphere . 

387. Gyri and Sulci on. Tentorial and 
Orbital Aspects of Cerebral Henii- 
sjdieres ..... 

388. Intraparictal Sulcus opened up, to 

shoAV its several jiarts and the 
Deep Al inectaut G yrf i n terveni ng 
between them . . . 

389. Internal Parieto-occii^ital and the 
Calcarine Fissures 

390. Develoinueht of the Parieto-occi- 
jiital and the Calcarine Fissures . 

492 I 391. Coronal Section thi’ougli LeR Side 
of Cerebrum, Mesencephalon, mid 
^ Pons, in the regjon of the Pili- 
Aunar of the Thalamus and the 
Corjiora Geniculata (Chim j)anzee) 

« j 392. The Corpus Callosum 
495 j 393. Profile VieAV of the Fornix . . 
j 394. Ventriciilae^ System of the Bi'ain, 0.4 
j seen iVom Above (after Retzius) . 

395. Coronal Section through J 

Lohes hud Anterior .Horns of the 
Lateral VentHcles^ . . . 

396. Dissection to sliow the Fornix aiwl 

Lateral Ventricles . • . 

397. Coronal Se<jtion through the Pos- 

terior Horns of the Lateral Ven- 

^ tricles ... . . . 

398/^issection to sIioav the Fornix and 


494 


49(1 : 


496 
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• I * the Posterior aird DeBcendiitli; 

498 i ' Cornua Lateral Yeiitricle of 
. i ..'.Leftside 

? ®399, DissectVin to shoAv the Posted 
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*527 

629 

'^30 

632 

683 
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and Descending Cornua of Lateral * 
Ventricle . . • • 

400. Horizontal Section through Right 

Cerebral Hemisphere at Level of 
the widest pa*’t of the Lenticular 
Nucleus . . . . . 538 
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Fig. 369, page 497 . — For ‘‘ ante, com.,” read postr. com.” 
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TEXT-BOOK OF ANATOMY. 


INTROBUCTION. 

Anatowey is a comprehensiye term, which includes several closely related branchefi 
of study. Primajily it is employed to indicate tlJfe study of the several pafte 
• which buUd up thei body, and the relationship which these present to each other. 
But* during the period of its existence the individual exhibits many structural 
changes: its structure is not the same at all stages of its life. The ovum 91 
star^g-point of every individual is very different from the finished organism as 
represented by the adult, and the series of changes through which the prgahisip 
passes until its structure is perfected and full growth is attained cons^tute the 
study of developiqent. The general term “ development ” includes hot only the 
various and striking structural changes which occur during the intrauterine life «oi 
the individual, to the study of which the term embi^ology is more specially applied, 
but also many growth processes which occur after birth, such as the latSf stagM in 
the ossification and growth of the bones, the eruption of the two series of teeth; the 
adjustment cf the vascular system to its new requirements, eta ' The actual bbs^? 
vation of the processes by which the parts of the body are gradually formed, aiidipf 
the structural arrangements by means pf which a^^fiiporary connection is esiiai^^ 
Ushed between , the ovmn and the m^^ through which an interehai^'^ 
nutritive and other niatters betweeu the two takes {^[ace, xen embtyoldgjr^he 
of the most interesting of aB the; depart of anatomy. The |%rm 
also used to denote the d^iBophieht 6^ individuid.; There is, howey#>::a^^ 
•fprni of , deyefcphient, sidwejj; bat just a8,eerttdn ip its process^; wMph#^|s|^| 
only th#;^piHiduai; but evei^ member of the animal group coiteotiy^y; :iM:#h^ 
belongsi^ The thep^ of descent pi^evolution leads us tq beUdve'that 
of the preset ddy ahd.his remdte ancestors th^e 4s {P.^wi4e struptim^’^p, 
if .fhe “gso^dgioal iM>rd were .pOTfe6t,i wpti],d to 

long-lost intenpedUiite fortns. , In the .prop^, of. elution, theref^, 
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through transitory structural conditions in mptny respe6ts i?iiniliir to the pot^ationt 
cond?tion of the heart in certain of the lower animals. It is in connexion with 
this that the phrase has arisen that every animal in its individual develOpme^ 
ontogeny climbs up its own genealogical tree: a saying which, taking it even in 
the broadest sense, is only partially true. ^ ^ J 

The higher conceptions of anatomy, which are obtained by taking a general 
survey of the structural aspects of the entire animal kingdom, constitute morpliolpcfy; 
The moi^phologist investigates the laws of form and structure, and in his geher^lisar 
tions he gives attention to detail only in so ft^r as this is necessary for the proper 
establishment of his views,^ The knowledge of anatomy which is required by the 
student of medicine is diSerent. It is essentially one of detail, and often details 
important from the practical and utilitarian points of view have little or no 
morphological value. This want of balance in the interest attached to anatomical 
facts, i:iccoMing to the aspect from which they are examined, so far from being 
unfortunate, affords the teacher the means of making the study of anatomy at once 
fascinating and attractive. Almost every fact which is brought under the notice 
of the student can be accompanied by a morphological or a practical appheation. 
This it is that lightens a study which, presented to the student of medicine in any 
other way, would be at once dry and tedious. 

Certain < terms emxjloycd in morphology require early and definite explana^bion. 
These are homology, serial homology, and homoplasy. The same organ repeated in 
two different animals is said to j^resent a case of homology. But this morphological 
identity between these two organs must be j^roved beyond dispute before the 
homology between them can be allowed. In deciding this identity the great and 
essential test is that the two organs in question should haveca similar develop- 
mental origin. Thus the fore-limb of a quadruped is homologous with the ui)i)er 
limb of man ; tiie x)uny collar-bone of a tiger, the fibrous thread which is the only 
representative of this bone in the horse, and the strongly marked clavicle of the 
ape or man, are all, strictly speaking, homologous with each other. Homologous 
organs iuc different animals usually i^resent a similar position and a similar 
structure, but not invariably so. It is not uncommon for a muscle to wander 
somewhat from its original position, and, many cases could be quoted in which 
parts have become comj)letely transformed in structure, either from disuse or for 
the purpose of meeting some' special demand in the animal economy. In the study 
of the muscle? and ligaments instances of this will be brought under the notice of 
the reader. Identity or corrcsj)ondence in the function performed by two organs 
in two different animals is not taken into consideration in deciding questions of 
homology. The gills of a fish and the lungs of a higher vertebrate perform ver j 
much the same jihy'siological office, and* yet they are not hoipologous. The terin 
analogy is ojften used to eipress functional correspondence of this kind. Often 
organs W^iich perform totally different functions are yet perfectly homologous 
Thus the wii% of a bat or the wing of a bird, both of which are subsemeh% ■ to 


flight, are homologous ‘with the upper limb of maq, Ihe office of which 
different one of prehension. • ^ 

In the construction of vertebrates certain other animal groups a 
similar |.)arts are repeated along a longitudinal axis, one after the otbCr.*^^ T^^ 
series of vertebrae which build up the backbone, the series of ribs which^^j^ 
either side of the chest, the series of intercostal muscles Vhich fill up ^ 
betw^n. Ihe ribs, the series of nerves wl^oh arjse f^om the brain 
are^i examples of this: An animal exhibiting su<^ a cenditu^; 
present the adgmeiital type bt organisation, and dh &e q^ly sta^ of 
this segmentation is njuch mG|^;«trougJy 
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subs|liuentiy lose trace 3f such -a gubiUvMon^^ The parts thus repeated are said 
to hh serially homologous. : But there are bther instances of serial homology brides 
those which are nmnifestiy produced by segmentation/ The upper limb is serially 
homologpus with the dower limb : each is composed of parts whicb, to a large 
eyteuti are repeatod in the other^ the correct adjustment of this comparison 
betwehii the B^eral parts of the upper and lower, limbs constitutes one of the most 
difi&cult; and yet interesting problems of morphology. 

ftomoplasy is a term which has been introduced to express a form of corre- 
spondence between organs in different a n imals which cannot he included under 
the term homology. Two animal groups, which Or^inally have sprung from 
the same stem-form, may independently develop a similar structural character 
which is altogether absent in the ancestor common to both. Thus the coupon 
ancesaqtr of hian and the carnivora in all probability possessed a smooth ^rainjahd 
yet the human brain and the carnivore brain are both richly convol&ted.' Not 
only this, bi^t certain anatomists seek to reconcile the convolutionary pattern of 
the one witfi the convolutionaiy pattern of the other. What correspondence there^ 
is does jiot constitute a case of iiomology, because there is no community of origin,' 
but it falls under the term “homoplasy.” Another example is afforded by the 
heart of the m amma l and that of the bird. In both of these groups the ventricular 
poltlon of the heart consists of a right and a left chamber, and yet these chambers 
in t^e one are not homologous with the corresponding chambers in the othftr, 
because the common ancestor from which both have sprung possessed a heart with 
a single ventricular cavity, and the double-chambered condition has been a 
subsequent and independent development in the two groups. 


Systematic Anatomy.— The human body is composed of a combination ^f 
several systems of organs, and the several parts of each system. ncJfc only present a 
certain similarity in structure, but also fulfil special functions. Thus we»have— 

1. The skdetal system, composed of the bones and certain cartilaginous and. 
membranous parts associated with them, the study of which is known as^psteologfi : 

2, The articulatory system, which includes the joints pr articulations, the stu^y 
of which is termed arthrology. 

. 3 . TtiQ museyilar comprising thej, muscles, the study of which cohstituteSv 


myology..'.'.., 

4. TUhs nerm^s system, in which are included the brain, the' sgiuat cprd,, the i 
spinal and cranial gang^, the sympathetic ganglia, «md the’ yariqmi , hery^^ 
‘proceediug from and entering theseC Tlm^S^ parts fe expresi^iipi^ 

term neurology. In this system' the organs of sense may also be include . 

^6. ^e vastular^ avid lyinphat^ systoita, inclu(iing t|iie: bloo4^y!eS^|;|^ 

lysmhatio VesseiSi and the lymphatic giandSi . tbie t^ ajppli^;;^^^ 

Stu 2 ^-: 0 f:this'..system.'.; .. / 
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grouped together to form the various tissues of the body fonns ah ituportant bra:h<|h: 
of anatomy, which is termed histology. 

The stmcture of the human body may be studied in two different way& ihih 
several part6 may be considered with reference to their relative positions, either as 
they are met with in the ^urse of an ordinary dissection, or a# they are ‘seen on 
the surface of a section through the body. This is the topographicq^ method. On 
the other hand, the several systems of organs may be treated separately and in 
sequence. This constitutes the systematic method, and it is the plan which is 
adhered to In this treatise. 

Descriptive Terms. — Anatomy is a descriptive science founded On observation, 
and in order that precision and accuracy may be attained it is absolutely necessary 
that we should be provided with a series of well-defined descriptive terma It must 
be cle^lj^sunderstood that all descriptions are framed on the^ supposition thfiit the 
body is in the erect position, with the arms by the side and the ^nds held so that 



fta. 1 .— Horizontal Section through the Trunk at the Level of the First Lumbar Vertebra. 

the palms look lorwarns and the thumbs outwards. < An imaginary plane of 
section, passing longitudinally through the body so as to divide- it accurately into a^ 
right and lef^ half, is called the mesial plane. Fig. 1 (M.P.). When the light and 
left halves of the "body are studied it wih be I’ojxnd that both ^e to a largo extent 
formed of sipiilar parts. The right and left limbs are alike; the right and left 
halves of "the brain are the same ; thpre are a right and left kidney and a right *ahd 
left lung, and so on. So far, the organs are said to be symmetrioalljr arranged. : 
Put still a large amount of asymmetry may be obseiydd. Thus the oh|ef blilk of 
the liver lies to the right side of the mesial plane, and the spleen <is an 
which belongs wholly to the left half of ^he body. Indeed it is well to state that; 
perfect synunetry never does exist. There always will be', and always»inu8t bCi a 
TOrtain want' of bahince between symmdtrically placed parts of the body. .TfeW' 
the right upper limb is, as a rule, constructed upon a heavier and mofe ina^^^? 
plan than the left, and even in those ^rgans where the symmetiy apj^rs- faMfrv 
perfeotj as for'dnstande thq brain and spinal c6r(h it only xequires a ciQSOTAttf<i^..itoS 
reveal many points of difference between the right and lefi M 
on the front of liUe body along which the mesi^ pllne n^ 
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termed thk ahterior mediaii line ; wb^st the corresponding line behind is called the 
posterior median line. It is convenient lo employ other terms to indicate other 
imaginary planes of section through the body. The term sagittal is therefore used 
to denote any plane which cuts through the body along a path which Si parallel to 
the mesial plane (S S') ; and the term coronal or frontal is given to any vertical 
planed which pq^ses through the body in a path which cuts the mesial plane at right 
angles (C C'). The term horizontal as applied to a plane of section requires no 
explanation. Any structure which lies nearer to the mesial plane than another is 
said to be internal or mesial to it ;t and any structure placed further from the 
mesial plane than another is said to lie external or lateral to it. Thus in Fig. 1, 
A is external to B ; whilst B is internal to A. 

• The terms anterior and ventral are synonymous, and are used to indicate a 
stiucthre (D) which lies nearer to the front or ventral surface of tlxe^^ody than 
another structure (E) which is placed nearer- to the back or dorsal surface of the 
body, and which is thus said to be posterior or dorsal. In some respects it would 
be well to discard the terms " anterior ” and " posterior ” in favour of " ventral ” 
and "dorsal,” seeing that the 'former are only apjj^licable to man in the erect 
attitude, and cannot be applied to an animal in the prone or quadrupedal position. 
•They h^^ve, however, become so deeply ingrained into the descriptive language of 
the ^liuman anatomist that it would hardly be advisable at the* present moment to 
adopt this course. A similar objection may bo raised to the terms superior and 
inferior, which are employed to indicate the relative levels at which two structures 
lie with reference to the upper |ind lower ends of the body. The equivalent terms 
of cephalic and preaxial are therefore frequently used in place of “ supdMor,” and 
caudal and postaxial in place of " inferior.” 

The terms proximal and distal should only be applied in the d^ription of t’fie 
limbs. They denote relative nearness to or distance from the trunk. Thus the 
hand is distal to the forearm, whilst the upper arm or brachium is proximal to the 
forearm. 




GENERAL EMBRYOLOGY. 


By Alfred H. Young and Arthur Eobinson. 

Although the tissues and organs of the body when fully formed differ greatly 
not only in.respect of their functional characteristics hut also with regard to their, 
structural features; they are deYeloped from cell elements which, at first, cannot be 
distinguished from one another, and all of which are*the offspring of parent cells— 

. the female cell or OYum, and the male cell or spermatozoon. Developmental processes 
take place in the female cell alone, but they cannot occur unless the essential 
elefments of a sperm or male cell previously unite with it. ' * 

tike all animal cells, the ovum is a mass of protoplasm containiifg 

a nucleus. In many cells the cytoplasm or cell body is itself enclosed by an exr 
ternal investing membrane, the cell wall, and probably there is such a membrane 
in the ovum. Speaking generally, annual cells are minute structures, those of the 
human body rarely attaining a diameter of more than about '083 mm., but they 
vary. somewhat in size, they assume different forms, and they acquire characteristic 
peculiarities asspciated with their positions and fmictiuns; thus, whilst the majority 
of the constituent cells of an individual foim the various tissues and orgf^ns of the 
bodyi others become reproductive or germinal cells, • 

Ova are simply specialised cells modified and adapted for the purpose of repso- 
duction and the continuance of the species. They are developed in •the ovary, 
one of the female generative organs, in the cell-lined spaces known as Graafipn 
follicles. , • 

When an ovqm has reached a certain stage of develc^ment it is discharged ironi 
the ovary, and passing along the oviduct or Fallopian tube it eventually reaOheS;: 
the cavity of the uterus. Though mature and caipable of being fertilised it naay 
not be imprecated, in which case it does not remain in the utertt#but is east out 
from that orgaA ^ If, however, it becomes fertilised by union with the imtle germih^d; 
element it m retained in the uterus, a.nd develops [into an embryo which posseiE^;' 
all the oharaoteristic features of .the spepies to which it belong and rhost of the;; 
speciSl^pecUliaidrie^of its parents-j^ * » * : > 

When the .embryo; or the foetus as it is terined After it has assunmd: defihitid:. 
foAi, : is capable of ifidepeudent ezistence, its inttedteiihe: hfo^^; te 
it the - test of the oviC 

individual, hdweVer, ; is not'; ;6ompiete; noF do^'^ icomplet® 

bemg-;reae^s,th®'»^lj':OOhditiqn.,;v:';;^^ 

, bteh*Ybibgy ris tenieriihSs;^!^^ te inmudd;iht0 hoft^ 

hmg"h0te;thh;.huai;aduJii|i'at^i^fl3w^S^^ 

'app3itej^;te 
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The majority of the "segmentation massesi;” or cells, blastoiner^s, as thfey 
termed, are differentiated into tissue elements, but a certain number retain 
characters of the original germ-cells and become ova or sperm-cells, which form the 
"points of (leparture ” of succeeding generations. Every germ -cell is .derived, 
therefore, "by a continuous and unbroken sei'ies of cell division^” which ixave ex^ 
tended tli rough the past, from the most primitive ancestor, and it forms a point 
from which, under ordinary circumstances, all future generations will commence. 
It is in this sense tliat the changes through which a living being passes iij the 
course of its life "may, in their completest form, be considered as constituting 
a morphological cycle, beginning with the ovum and ending with the ovum 
again.” s 

To follow these changed it is necessary that the characters and capabilities of 
the constructive elements should be clearly understood. The animal cell, which 
plays an all-important part in the life-history of the individual, and the modified 
germ-(jells'^piust be carefully studied, and as far as possible the .exact nature of their 
constituent parts ascertained. 

The i:>heiiomena of impregnation and segmentation, and the subsequent develop- 
mental processes and morphological changes which result in the fonnation of the 
embryo, and, finally, the arrangements for the nutrition and protection of the ovum 
during its intrauterine existence, will then be considered. 

, < THE ANIMAL CELL. 

' Cells are tlie structural units of the body. Each cell has an individual* life- 
history within the tissue or organ to which it belongs, it is produced by a pre- 
existing cell, it develops and grows, is modified by circumstances, reproduces other 
cells similar to itself, and dies. 

A cell possesses a body and a nucleus. An external investing membrane 
or. cell wall may or may not be differentiated. 

The cell body consists of proto- 
plasm — an unstable, highly complex 
organic substance, the constitution 
of which is approximately repre- 
sented by the formula CoQHiQ^NjgOgo- 
It is colourless, semi-fluid, viscous, 
insoluble in water, capable of 
osmosis, and it is , contractile and 
irritable. In the living condition 
it always contains a certain amount 
of water and various inorganic 
Fig. 2. — Diagram of an Animal Cell. matters. It is tO be obseryed, how- 

ever, that there are many varieties 
of i^rotoplasm^ differing somewhat in nature and qualities. 

The protoplasni of the pell body is called cy^plasm. Under low powers of the 
microscope it is homogeneous or slightly granular, but with higher mag^iification, 
and especiall;^ after the application of staining agents, it is possible to distinguish*-- 

(1) A hig^ily refractile, elastic, cCnd extensile network — the cyto-retic^unit or 

spongioplasm — the meshes of which are filled with : * . 

(2) A clear, semi-flufd substance — the cytolymph or hyaloplasm. • ■ 

Tlie fibres of the reticulum present some few minute rounded bodies*of doubtful 
nature, which are termed microsomes. < , 

The nucleus is a spherical vesicle embedded in the cell body. Jt is kirrpnndecj^^ 
by a distinct nuclear membrane, and usually contains nucleoli. ^ ^ 

^ It consists of modified protoplasm, wliich is termed karyoplamii, the.piecise refe ' 
tion of which to the cytoplasm is nottclear. Structxirally it resembles cytppliBusin^^^^^ 
thatcit presents a fine reticulum, the fibres of which seem to; be opnrinudus:i^^ 
cyto-retictilum through the nuclear membrane, whilst 
nuclear juice. 

The reticulum forms a fine network compoj^ed ;df Unin fibr^e^^^ 
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substa^be)/^^ is algo a* coarser j^etwork, more readily stainable, consisting of 

chromatin; grannlar portions of which may* also be embedded in the linin. Instead 
of forniing a coarse network the chromatin may be arranged in the form of a con- 
voluted cord, or as a number of separate filaihents, and in certain cases it^t^bnstitutes 
a series of loops from which secondary branches are projected, the apices of the 
loops being grouped together . at one pole of the nucleus;round a clear area known 
as the “ polar figld.” . 

The nuclear membrane consists of both chromatin and linin. 

N&cleoii are of two kinds, true and. false. A true niicleolus is a small, 
refractile particle, of spherical out^jine, embedded in the reticulum. , It stains 
deeply, and is said to consist of a special modification of the karyoplasm which is 
called pyrenin. False nucleoli are simply the nodes of tllb chromatin reticulum. 

The nucleus is capable of motion; it has been seen to alter its shape in 
the living cell, and it undoubtedly plays an active part in the process of cell 
reprodiltetion. ^ / 

In addition to the nucleus many cells contain one or more small rounded Bodies 
called centrosomes. Possibly, they are only condensed portions of the cyto- 
reticulum. They lie within a clear space which is known as an attraction 
•sphere, from Which numerous fine lines radiate. " 

Centrosomes become very evident when reproduction commences, but are not 
so distinct at other times. 

The attraction sphere also becomes more evident when cell-division commences, 
aiid:^be contained centrosome as well as the radii which project *from appear to 
play hnportant parts in the reproductive process. • 

Reproduction of Cells.— Coll division or reproduction may take place either— 

1. By direct division — amitosis; 

2. By indirect division — ^mitosis or karyokinesis. 

In the amitotic or direct form of division the nucleus, and then the cell bodjj^ 
are equatorially constricted, the constrictions deepen until both are completely 
divided, and so two daughter cells are produced. Apparently the attraction sphere 
and centrosome play some part in this process, but whether their inffiieitce is ' 
initiative or directive is unknown. 
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The phenomena of prophdse commeiKje with the dwisibn of the ceiiirdsphX€J 
and^attraetion sphere into two parts whfch travel to opposite poles of the nublfeusy 
At the same time the reticulum of the nucleus disappears, and in its place a coiit 
voluted c^d of chromatin, the skein or spirem, is formed (Fig. 3, A, and C) j 
this is afterwards broken up into a number of segments which ^ay be mere rods, 
but which more frequently have the form of V-shaped loops (Fig. 3, P). The 
nucleoli disappear, and some of the filaments which radiate from the newly-formed 
attraction spheres seem to penetrate the niiclear membrane at the poles ^f the 
nucleus. The nuclear membrane subsequently disappears, and the filaments 
passing from tlie attraction spheres into the fiucleus form two cones, the bases of 
which moot at the equator of the nucleus, wliere they fuse together, forming an 
acliromatic spindle which •extends between the two attraction spheres (Fig. 3, E), 

The loops, or rods, of chromatin are gradually grouped at the equator of the 
spindle, each rod, or cliromosome, being apparently connected with one ^ of the 
achromaWc fibrils ; and the prophase is completed. 

In the metaphase each chromosome is split into two halves — ^daughter chromo- 
somes — whicli separate from one another ; tlie separation commences at the apex of 
each V-shaped chromosome, which appears to be attached to an achromatic fibril 
(Fig.3,F). 

In the anaphase the daughter chromosomes pass to the opposite poles of the 
spindle. It is suggested that this is brought about by the contraction of thq 
spindle fibrils, but this is doubtful, and it is noteworthy that in some cas€s/5 fine 
achromatic* fibrils ^connecting the separated daughter chromosomes are present 
^Fig. 3, G and H). Slightly before, or simultaneously with, the completion of .the 
anaphase the cell body is equatorially constricted. 

During the telophase the constriction deepens and the cell is divided into two 
daughter, cells. Whilst this division is taking place the daughter chromosomes, 
which are grouped in the neighbourhood of each attraction sphqre at opposite ends 
of the spindle, unite into a convoluted cord, round which a nuclear membrane is 
formed, whilst %the cord is converted into a reticulum, and nucleoli appear (Fig. 3, 
J, K, L). Therefore when the separation of the daughter cells is completed, at the 
end of the telophase, each possesses all the characteristic features of the mother 
cell. 

ReprQductive Cells. — The germinal elements, the union of which is essential 
to the formation of a new being, are the ovum or female element, and the sperma- 
tozoon or ihaje element. 


THE OVUM. 

Structurally an ovum presents all the characteristic features of a typical cell. 
It is peculiaf •^because of the large size of the nucleus and nucleolus and in the 
possession of two investing membranes, an inner onb, the vitelline membrane^ 
which corresponds to the cell wall, and an outer one, the oolemma or zona pellucida. 
Moreover, the nucleus always occupies an excentric position in the cytopjasm, and 
the cell body confaiifs nutritive materiarin the^form of yolk granules. • 

The constituent parts ^f an ovum have received distinctive names, however ; 
thus tho. cdll body is known as the yolk or vitellus, the nucleus is termecf the 
germinal vesjcle, and the true nucle&lus is called the germinal spot. 

Vitellus or Yolk. — The body of the ovum, consisting as in an ordinaiy cefl of 
.cytoplasm resolvable ifito reticulum and sap, contains also numerous grantdes p^^^^^ 
small but varying size called yolk granules. These Skve highly refractue, fatty^and^ 
albuminoid bodies containing phosplK)r|is and mineral salts; coUectiv^ly they; 
constitute the deutqplasm or nutritive yolk, in contradistinction to the hytoplaaiii or 
formative yolk. • , i 1 

• Nutritive or food yolk plays an important part in development, 
animals it is the only means of sui]q[K)rt for the embryo whilst in the ovum m 
mscmmals, on the other hand, the embtyo is. supplied almost from thAfi^ 
food not froin the egg itself, but dirpctly from \he nlbther through ^ 

The amount of jdeutoplasm present in the ova of (hfiferent ahinmls^^:^^^^ 
greatly. 
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Fig. 4. — This Ovdm •and its Goveuinqs 
(D iagrammatic). 


0. Gtsniiinal vetAle (iinclmis). 
8. Viteljino membrane. 7. Germinal spot (nnclooluH). 
4. Zona pellucida (oolemma). 8. Nnciiiar inombrano. 


0V!» in which there is no deutopla#m are spoken oi tt& cdecithcd. Such ova, if 
they exist, are very rare ; most of those usi&lly classed under this head undoubtedly 
contain a; certain amount'of deutoplasm granules scattered throughout the cyto- 
plasm, and are better described by the 
term oligoleeithcU . . The size of an ovum 
is determined by the amount of food yolk 
present, and all«ligolecithal ova are small ; 
the Iviman ovum, which may be taken as 
a type of the class, is about '2 mm., or 
-j-lfth of an inch in diameter. ♦ 

As the deutoplasm is increased in 
amount the ovum is increased in size; 

The deutoplasm -also tends to accumulate 
in certain situations ; if the accumulation 
is at one extremity of the cell the ovum 
is described as tdoleeithcd; such ova are 
naturally divisible into two areas or poles, 
a cytoplasmic 6r formative pole, and a 
• deutopiasmiig! or nutritive pole. 

In m^dlecithal ova the deutoplasm 
almost entirely displaces the cytoplasm 
from, one pole, as in the egg of the fowl, 
in which the cytoplasm is represented by 
a disc spread over one pole of a large corona radiata, winch completely surrounds tho 

deutoplasmic mass. In many of the ovum, is only represented in the lower part of 

arthropods the deutoplasm accumulates the figure, 
at the centre of the ovum, which is there- 
fore termed centrol^thdl. " “ 

The germinal vesicle or nucleus of 
the human ovum is about ’05 mm. or ^^th of an inch in diameter, ie. J the 
size of the whole ovum. It lies excentrically in the yolk, and has the usual 
•characters of a cell nuoteus, t.e. it possesses a nuclear membrane within which is > 
the karyoplasm, divisible into reticulum or nucleoplasm, and nuclear juice. The 
nucleoplasm consists of chromatin and achromatic fibres (liuin), and the nuclear 
juice contains one or more spherical and highly refractile trae nucleoli gr 
germinal spots; the nodes of the reticul^ constitute false nucleoli. 

In . addition td the nucleus; the vitellus, at certain periods, also contains a structure 
, known as the vitelline body or body of Balbiani. This* body Is a spherical st^oture 
which appears when the primordial ova cease to multiply and begin to increase, in size. 
Ai^pareiitly it is derived froip the nucleus, and it consists of a central rfodulc surrounded 
aby a zone of modified protoplasm. It disappears long before the ovum becomes :jQf^.ture,v 
and it probably represents a.u ancestral organ corresponding with a portion of the mac 
nucleus qf the infusorian by um^ 

Tbo VitelliAeJBlezabraaie.^T^e vitelliue memhrahe is Bim}>ly tke po^ph^iri^; 
poAibu b^ the vitcUuej modified and teahaformod into*<i fine BtraQturelB8%;eiiyelQp© 
wh^h covers tbe puter surface of the ybllt * It is usuaUy blbsely j^p|^ 
inifer aspect cf thA outi^, Hiemhranej the ; zona ^pellnoi^, B^^ 
dead byhm smd aitbr tofeafein^;l:gf;reagentAij,:a 
be merely wbbn^h^tibn?bi thA<mtOT pait-<# thei^t«s^; pro^<^^ 


the wagehtsfe^^^® 
hying 



time aftet 
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regarded as a secondary membrane, and is altogether different from the vitellme 
meiijbrane. The perforations in the ‘'xona serve for the passage of hutiltiy& : 
material to tlie ovum; they also allow the spermatozoon^ to reach the ovicell. 

When‘ Jjie ovum leaves the Graafian follicle it is surrounded by several layers 
of cells, the innermost of which are columnar. They are derive^! from the cells of 
the follicle, and collecti^^.ely constitute the corona radiata; the cells gradually 
diminish in size, and ultimately disappear. Their function is® unknown, but 
between them and the zona pellucida there is a layer of granular matter, prc^ably 
formed by the cells of the corona radiata, which rapidly swells up when the ovum 
is liberated from the follicle, and forms a gelatinous elastic layer called the albumen ; 
this increases in thickness as the ovum passes along the oviduct, and persists for 
some time after it enters, the uterine cavity. The function of the albumen has not 
been definitely ascertained ; it may act merely as a protective covering against 
undue i)ressiire, possibly it may be nutritive, whilst in the dog it apparently helps 
to fix th^ovum to the wall of the uterus. It has not been found in all manfinalian 
ova, and it lias not been seen round the human ovum; still it may be present, for 
liuman ova at the stage when it might be expected to develop have not yet been 
observed. 

Special Characters of the Ovum. — Though the ovum, as compared with an * 
ordinary animal cell, presents no obvious structural modifications, it undoubtedly 
differs greatly in its capabilities and life-history. Unlike an ordinary cell it has^ 
no inherent power of division into equal parts, and it cannot divide in the usual 
manner until it has been fertilised by xmion with the male element ; but before 
fertilisation occurs the ovum twice undergoes an unequal division during the period 
of ripening or maturation. 

Maturation of the Ovum. — Whilst in the ovary tlie ovum, at first small, 


♦ A n o 



Fio. 5 . — The Maturation op the Ovum: Ej^b^ston of the “Polar Bodies (D ia^amniatic).^ 'V 

A, An ovum at the commciicement of the process ; B, After the formation of the spindle. Tli? chromosOmeS 
are gathtirud at the equator of the spindle in gA>nps of four, i*e, in “tetrads," each of which 
^ two “ dyads." 0, One apex of the spindle has projected into .a bnd on the surface and the dywa 

passed to tlie poles ; 1>, The 'separation of the first polar body ; £, I'be commencement! of tbe secpiid 
polar body ; P, The completion of the sClcf>nd polar body. 

grattually inoreases ,in si^ar Before, or immediately a|ter, its dlBchitige llVM 
tiraafiaii follicle it'maturea in preparadou for fertilite.tiqiii v' 

The pheuomdua ob9eiVabte during the period of.- Wtutetion are>Oste^ 



similar,’ to ^hqse met with ih themijfotie Or karyokinetio division of (^lls. The 
excentrically situated nucleus (germinal vesicle) moves to one pole of the o^um, 
the nuclear membrane and the niioleoli disappear, and an achromatic spindle is 
formed, i?ut, so far as the mammalian ovum is concerned, there is evidence 
either of. centrosoqies or attraction spheres at the poles of the spindle; possibly 
they are present, but they are not visible under the bppditions in which the ova 
can bo observe^ 

first the spindle lies horizontally, but gradually it turns till its long axis is 
perpendicular to the surface of the ovum ; then one pole of the spindle is protruded, 
carrying with it a small mass of the cytoplasm and forming a bud. 

Shnultaneously half the chromosomes present in the nucleus disappear, and the 
remaining half accumulate at the equator of the spindle l!i the form of rods Each 
rod divides into four parts and thus becomes a “ tetrad ” (end of prophase). Each 
tetrad then separates into two “ dyads ” (metaphase). In the next stage (anaphase) 
the dy4ds divei^e, onq half passing to the outer pole of the spindle whicH projects 
into the bud, the other half passing to the inner pole. The bud with its dyads then 
separates, forming the first polar body. Tlius both the first polar body and the 
remainder of the ovum, at the end of the unequal division which has taken place, 
• possess the same number of chromatin particles (chromosomes) as the original ovum. 

The s^nd unequal division of the ovum commences directly on the termination 
of the fii^t, and results in the formation of a second polar body. The achromatic 
'spindle is reformed and the remaining dyads are grouped at its equator. The 
outer extremity of the spindle projects into a second bud, whils't the t\^o halves of 
each dyad diverge and pass to opposite poles of the spindle. Those which group 
themselves at the outer pole separate with the bud, and the second polar body is 
completed. 

The half-dyads at the inner pole of the spindle travel towards the ceh|ij:6 of the 
.ovum, and form the chromatin reticulum of a new nucleus in the cytoplasm of the 
ovum, which is known as the female pronuoleus. ^ 

Therefore the mature and the immature ova differ from each other chiefly in 
that the former contains only half the number of chromosomes present in the 
latter. 


THE SPERMATOZOON. 


Spermatozoa are modified cells produced in the testicles or m^le gene^rati^O 
glands. They are formed by a division df the spenastogupfia or sperm-mother bellSj 
which correspond with prinaitive ova. The daughter cells pf the spermatogonia 
are called spermatocysts, and the grand-daughter cells speimatids. By yaiiout 
processes, during which they fuse with special basal, suStentacular;i, er nurse 'celis> 
the sperniatidB are convened into spermatozoa, which probably, though this hss 

\iot yet.t^h proved in mammais, contain half the number of :ChremoSoni(te wrhieh 

were preront in the sperm-mdiher cells. There is no doubt that the mature bya 

and th^ipermatozoa, so far as their develepment and chromatin*' ^arricles ate;noiq.r» 

cerned, are veiT sinfilar, Each informed from a p4”^®J7 

from the primitive ovum and slerin-mother cell respectively.^: 

undei^oeS aivMbtt and the daughter ceUs pieduced, that ; is; the fmicijaQn^^ 

an** the . first , polar body ; i]^ 

conttia a rinmberi^i/'et^j&aopomaa identieai with; 

iimth(»\:eeJl? second.^divition, ' 

daughter eel%:'.'.yritb.Jhe''exeeptioh*perl»pa^,i^ithe.i|;re,h;pfi^;3^yg;ei^ip|^j^S 

.tohe-«^lA4 
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It is both interesting and significant that in some cases tiie firat polar body (^vid'es sini^^^^ 
taneonsly with the separation of the second pojai* bfiiy, each of its segments containing the same 
number of chromosomes as the female pronucleus. This condition, indeed, is by no means 
uncommon amongst invertebrates. It occurs in AscariSy in ce^'tain crustaceans, and in some 
molluscs. 'Jynongst vertebrates, however, the division of the first polar body, so far^ at least ^ 
present observations go, must be regarded as exceptional. It Ixas been seen to ogcur in bats by 
Van Beneden and Julin, and In mice by Tatani and Sobatta, but apparently even in these it is 
not a constant phenomenon. ‘As regards the spermatozoa also, though it is known that they are 
formed by tlie division of sperm-mother cells, tlie exact details of their development in mammals; 
have not yet l)een satisfactorily elucidated. It seems, however, very probable that in the higher 
forjus of. animal life, as in the lower, the ixrocesses of maturation of the ovum and the fornmtion 
of the sjxermatozoa arc simply those of cell-division associated with a reduction of the nuiriber of 
cliromosomes in tlie resulting grand-daughter cells ; ftieije latter being represented in the higher 
forms, including mammals, on tlie male side by the spermatozoa, and on the female side by the 
second polar body and the mature ovum, except in the apparently occasional instances in which 
the first polar body divides, and in this case there are three polar bodies and the mature ovum. 
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A spermatozoon, like the ovum, is a nucleated mass^^ of cytoplasm? but it 
presents striking modifications in structure. It is very small, and possesses a 

head, a neck, a body, a tail, an 
end-piece, a sfiear, an axial fila- 
ment, a spiral filament, a spiral 
membrane, a head-cap, and a cer- 
tain amount of protoplasmic sub- 
stance called the protoplasmic 
remnant. The more obvious of 
these, namely the head, body. Head- 
long filamentous tail, and thin 
end-piece, have long been re- 
cognised as essential elements of 
a spermatozoon 6), and it 
is only comparatively recently 
tliat the remaining parts have 
been specially described. The 
head is ovoid, and laterally com- 
pressed, so that when viewed 
from the side it appears pointed; 
it is about 4‘5 fi long, 2*5 broad, 
and 1*5 /A thick. It consists of 
two parts — an anterior clear, and 
a posterior more stainable and 
transversely striated. Within 
the head is a**cpntral body which is clear, refractile, and 
not easily stainable ; ki stained specimens it is sometimes 
marked by coloured lines, and occasionally it is divided 
into several pieces. The liead is traversed by the axial 
filaip.ent, ainl it‘ ‘is «surrounded by the« clear head-cap, 
within 'which is a thin pilitpplasrnic layer ; thJfe is con- 
tinuous posteriorly with the protoplasmic remnant which 
surrouiuTs the neck. • 

The neck *is a very short constricted portion uniting 
the liead and body. It is clear, it is traversed by ^tHb 
'axial filament, it‘ sometimes contains a rounded body, 
the globuloid body^ and it is surroiujded by the protoplasmic remnant, 
latter variqs considerably in amount. 

The body is som'ewhat longer than the head, it also is traversed by the axiah 
^filament, it is encircled by the spiral filament, and it givgs attachment to the^eipirai ■ 
membrane. , ^ ^ 

The tail or flagellum is about six tim^ the length of the body, it may termih^^^ 
in ftn enlargement or it may taper towards its extremity, the axial 
its centre, and the spiral filament &nd spiral membrane are cofli^d around 
Projecting froni*its pastenor end is a fine filamentous iproc^s, the ifnd 
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A, Side view ; B, Front viqw. 
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Fio. 7 .— Structubb op a ■ 
Spermatozoon (Diagrauiinatio).' 
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appeal^ to be the baek'^rd;?p)x>longatiQn #f^:;the filament; it is occasionally 
cleft into several fibrils. , il 

The spiral and axial filaments consist of numerous darkly-staining fibrils. The 
fonner is^coiied round the body and tail. The latter is continuous postfiirtorly with 
the end-piecp, and it is continued forwards, through the tail, body, and neck. In 
some animals it is ^id to end anteriorly in aglobuloid bo^y at the Imse of the head, 
but in the hum^ spermatozoon it can be traced through the head to the “ spear ” 
(Von Bardeleben). 

Tfie spear projects obliquely forwards from the apex of the head. .It is a 
unibarbed process, about twice as lojig as the head, and may be bent or curved 
upon itself. It contains an elongated tody at its base, and it appears to be con- 
tinuous posteriorly with the axial filament. 

The spiral membrane is an extremely fine membrane which is attached to the 
body and tail. Its free margin is strengthened by a marginal filament. 

Spermatozoa move^freely in fluid media, and each rotates upon its axis by means 
of the spiral membrane as it is propelled forwards by the lashing and contractile 
movements of the tail. 

The morphological value of the various parts of the spermatozoon is not yet 
•definitely determined, but it is generally considered that the head represents a cell 
nucleus. The axial and spiral filaments are believed *to consist of chromatin, and 
therefore they also are . probably nuclear coustituents. The protoplasmic remnant 
probably consists of cytoplasm, and the head-cap is apparently a remnant of the 
attr^iotion sphere of the spermatid from which the spermatozoon was ‘developed. 
Manji observers have recognised the centrosome as a small structure in the* 
body of the spermatozoon — possibly the globuloid body-rrbut Nissing’s more 
recent observations upon mammalian spermatozoa have convinced him that the 
centrosoiiie takes part in the formation of the spike ; it is possibly reOTosontod 
.therefore by the elongated body which Bardeleben lias seen in the base of wie spear 
of the human spendatozoon. 

FERTILISATION OF THE OVUM AND THE RESULTS THAT ^NSUE. 

Fertilisation. — The mature ovum is fertilised by a spermatozoon. The two 
generative elements meet, and fertilisation takes place as a rule in Jhe uppdr 
part of the Fallopian tube. The spear of the spermatozoon penetrates the zona 
pellucida of the ovum, boring through it with a rotatory motion projjuced by tlfo 
spiral membrane. At the same time a 'cOnical projection, the cone of attraction^ ' 
appears on the sifrface of the ovum, within the zona peUucidiEU, directly beneath the 
point at which the spermatozoon is entering. The head, and probably a portion c| 
the body of the spermatozoon, plimge into the cone of attraction ; th* nenraipderp^^^^ 
the body and the tail are cost off and disappear. The portion of the BperhaatozoCh:: 
Vhich enters the cytoplasm of the ovum is converted into a nucieus, bhe male^ 
proniicleusi 'which is accompanied by its attraction sphere and centroSomei ^^ep 
the maid pronucleus is distinctly fonped the granules of ther feyte^hism lin^ i^ 
neightomhood togifl to radiate fitound it^ aS if lu^dbr dts ififluenoe; 
pron^leusvi^lf ;trayel8;mwards/ 'vV; 

As tiie^ m appinachM the female propucleim thexlftt 

sigw cd ; actiyityy it updeippMi :changesi^’£Qrmivand^ 
profiuClepa ; j Fop atime^th® tjrp ptonuetei ii® 
f uto; t(^tlm!^toiminj(- 't 
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half-centrosomea are formod, two male and two fem^e, Fronllihe i^tir lialf-centrpsbihes t#o ^ 
centrosoines are formed by tlie union of half armale.centroaome with half a ftiinale cehtifosbnie. 
Each of the two centrosomes, therefore, which accompany the firijt segmentation nucleus cohtainB 
both male and female elements. 



c Fio, 8.— Feutilisation of the Ovum (Diagrammatic). 

A, The entrance of the spermatozoon ami the formation of the cone of attraction; B, TJie appearance of the 
c centrosome ; C, The approacbmeut of tiie male and female prouuclci ; 1), The first segmentation nucleus. 

O. Cinitrosonio. FF. Female proiiucleus. P. Polar b«)ily. 

OA. Cone of attraction. MP. Male proiiucleus. SN. Segiueutation imclons. 

Segmentation. — Segmentation is thejJivision of the fertilised ovum (oosgerm) 
into a number of cells. These cells are afterwards arranged in layers — the germinal 
layers or layers of the blastoderm ; ultimately they arc differentiated into the tissue 
elements of the body. 



Fia. 9 . — Skomentation of the Fektix/ISed Ovum in the Rabbit. 

Formation of blastomeretf'and morula (Diagrammatic). 

A, Division into two segments ; B, Division into four segments ; 0, llfortiia* 
P, Polar bodies. 

The phenomena of segpaeptation haxe not been ohreived in 
and it is to be underatobd- that the following descriptibn is b^d 
conditions met,vfith in, rodents,, more especially ia;iibe r&bbit;,;^^^ 
adapted for the study of these phenomena. : ■ .--r-.. ■ 


I^ERTILISATIQir OF IHE OVUM. 
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After a period of qvyiescfince, whi^^ male and female 

pronuclei, a period of activity supervenes, during which repeated divisions the 
impregnated ovum result in the production of a solid mass of cells called a morula. 
The divisions are mitotic, and all the phenomena associated with mitosip^are readily 
observable in properly prepared specimens. 

The planes which separate the several segments of the divided ovum in its 
various stages ^are termed the “planes of seg- 
mentation,” and in some animals, possibly in 
all, the first plane by which the ovum is divided 
into the first two daughter cells coincides with 
the line along which the pronuclei passed to 
their fusion ; it indicates, the future mid-axial 
or mesial plane of the body, the descendants of 
the cell lying to the right of it being developed 
into the right half of the body, and those of the 
cell to the left into tlie left half. There is. no 
proof, however, that this occurs in mammals ; 
all that is ctefinitely known is that the first 
, division separates the ovum into twa parts of 
unequal size but of similar colour and structure. 

The second plane of segmentation is at right 
‘angles to the first aiid it separates the two 
dauj^ter cells into four grand-daughter cells, of 
which, in some cases, two may be larger and two 
smaller. The subsequent divisions occur irregu- 
larly, and they result in the formation of 
numerous cells (blastomeres) which apparently 
^only differ in size in the rabbit, but which also 
* differ in appearance in many mammals. They 
are mixed together so irregularly that it is im- 
possible to distinguish the descendants of one 
daughter cell from those of the other, and in 
this, the morula stage, there is frequently no 
indication of any separation of the cells into 
layers. In the meantime the polar bodies have 
disappeared. 

The next phenomenon of importance is the 
appearance of a oavity — the segmentation cavity 
— ^in the morula ; the ovum assumes a vesicular 
character, and is now termed a blasttda. Simul- 
taneously with the appearance of the cavity the 
•cells of the morula are arranged in two groups 
— an outer and aii inner. The cells of the outer 
group tern a layer, the primitive ectoderm or 
epibiast ; those of the inner group aemaih 
togqjbher and constitute the inner ceU ™ The 
two grpupis ai« in contact at one pole of the 
ovuih, and it fe in th^^^^ 
develops. ;Thdujgh^^^a^ fimt the inner 
not iaminar>it soon heepmes^^^^^^^ 
and flattening of ;^ t^ 

■ .Thh:eQt(^ 

memhiran^^ 

1 



J’lo. lO.’^qNVEBaiozr OF thb Mobula w> 

. , ■ • ; \ ■BLASTUtA.: 

Formation o^bl^tsodermic yeaicle and 
, ; • ;;\;niomtrano.-^^ . ' 
if Appearance ' of aegcaent^tibn cavit^r and r 
attachment of inner cdl. taass to eolbderm : 
>t upper pole of pyum ; By n^n^i^n and^ ; 
v^ttening of ^ to ; C, Oomplev;^ 

’ tion of bUaminat blaatbdetoc Vbafcle; nO»: ; ^ 

jSmlD^bnic ebtoderb I to 
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GENERAL EMBRYOLOGY. 



, Einbvyoiliu 
uroa 


Mesoderm 


Structure of the Ectoderm and Entoderm; — Ther celjs of the ectoderm are 
first irregular in size and shape, and thek outlines are indistinct ; but after a short 
time the ectoderm cells at one pole of the blastodermic cVesicle become cubical or 
slightly cdlvmnar, whilst the remaining cells of the outer layer are flattened and 

have irregulaf outlines. 
Thd columnar cells 
form the ectoderm of 
the embryo, and the 
flattened cells ar6 util- 
ised in the formation of 
nutritive and protec- 
tive structures known 
as the placenta and 
foetal membranes. 

The cells of en- 
toderm are also, at first, 
very irregular in shape 

Pig. 11. — Surface View op the Blastodermic Vesicle. ^ size, bl^ after 

Sliowing tlift embryonic area and the cominencement of the mesoderm. WarClS, aS ^ ey aie , 
A, Before the appearance of the primitive streak — the embryonic area is spread OUt into a layci > 
circular in form and bilaminar throughout ; B, After the appearance of they beCOIlie more or 
the primitive streak. The posterior end of tlie primitive streak shows 20gg rounded aild they 
a creseentic thickeiyng, which indicates the commencement of the meso- , * 

derm or middle layer of the blastodermic membrane. aiiaSbOmOSe bOgeuner oy 

filamentous processes. 

At a still later period they are transformed into polygonal plates which appear 
spindle-shaped in section (Figs. 10 and 12). 

I The Embryonic Area. — When the upper pole of the bilaminar blastodermic 
vesicle is examined in surface view, from above, a dark, somewHat opaque circular 
area is visible ; this is known as the embryonic area. It is coextensive with the 
columnar portion of the ectoderm. Very soon after it appears the embryonic area 
becomes ovoid ; the small end of the ovoid area is posterior, that is, it lies in the 
region wiiich is afterwards converted into the posterior part of the embryo. At 




‘ Fig. 12. — The Upper Pole op the Blastodermic Vesicle. 

Showing the embryonic area, the primitive streak with the extension of the mesoderm from its sides and' 

. ^ posterior end, and the comineucement of thc^ neural groove. f 

A, Surface view (diagrammatic) ; B< and C, Transverse sections through the blastoderni of^che ferrot at the 
stage represented in A aiid^long the lines b aifd c respectively. 

the hinder end of the ovoid area a still darker patch of triahgalax form iS develop^ f 
this soon becomes crescentic, and is the %rst indication of the primitive strofdc 
‘of the formation of a third blastodermic layer termed the mesodsrm or 
The primitiye streak consists of thickened ectoderm which is seen m 
sections ^projecting downwards, and renting upon the entodenn, in the 
.ridge. , ■ ^ 

From thcr sides and the: posterior extremity of the ectodermal 
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THE EMBBYONIC AREA. 

cells projiecta outwards, ^and* graduallv insinuates itself between the ectoderm and 
the entoderm over theVliole area ot the vesicle, except in certain regions to be 
afterwards described. TJjiis lamina is the rudiment of the mesoderm. Wifli the 
formation of the mesoderm the blastodermic membrane becomes trilaimnar. 

The 'majority of the cells of the mesoderm are derived from those of the 
primitife streak, but it is said that cells from the entoderm also take part in its 
formation. Young mesodermal cells are round or ovoid, ttnd some give off numerous 
processes. In*later stages they may assimie various shapes, and many closely 
resemble the cells of the ectoderm or those of the entoderm. 

As the blastodermic vesicle gro^s, the embryonic or germinal area becomes 
pyriform and increases in length, principally in the posterior part of its extent 
where the primitive streak is situated ; at the same tim« the streak lengthens and 
becomes more linear. For a short time a groove, the primitive groove, appears on 
the surface of the streak. It is deepest in front, where in some mammals, includ- 
ing mgn, a small transitory perforation is formed, the neurenteric canal. 

A second broadeP and shallower groove then appears in tlie embtyonjc area 
immediately in front of the primitive streak ; this is the neural groove, the rudiment 
of the nervous system. The neural groove, its bounding folds, and the nervous 



* Fig. 18. — Tuansversb Section ok a Febrkt Kmbbyo. 

Showing neural groove before the Reparation of the paxaxiol from the lateral giesoclerni. 

(J. Ocelom. GO. Germinal cell. PM. Paraxial mesoderm. SoM. Somatic mesoderm. 

EC. Ectoderm. N. Notochord. SB. Spongioblast. SoP. Somatoi^enrc. 

EN. Entoderm. ' NG. Neural groove. SG. Spinal ganglion, SpM. Splanchnic mesoderm.* 

SpP. Splanchnopleure. 


system subsequently developed from them are f ormed entirely of ectoderuuCl elements, 
which at first are continuous with those fornung the outer layer of the embryo, 
Th© posterior end of the neural groove •embraces the ai^rior end of the primitive 
streak and grooAPe, and at this period the neurenteric ca^ forms a communication 
between the ihtexior of the ovum and the bottom &f the’ neural groove, which 
latter afterwards becomes the closed canal of the central nervoue s^gtem. In some 
vertebrates the neurenterip canal persists for a considerable period, and upon the 
• development of the alim^tary canal it constitutes a ^pmmunicating ehannei : 
betweeh.it and the cavity of the neural tube. 


As l^e neural groove, grows backwards the anterior part qf tub primitive streak 
is absorbed, and although the posterior part continues te grow, the prmdtive streak: 
as ^ xyhole dinuni^es iiu length ; ultimatd.y the gl^t^ part of the pnhiitiye^ 
streak disappears; hut a portion is rec<%iu^b]|e for a coiuiderahle twe ^tehd^ 
frofli the ©i the tailj a- trahsitoi^ stThotuise; hi the' human dhih^^ the . 
ventral of the body; ' This portion forms the,; posterior boundary h£ :tM^^ 
{dimeniaiy canal * it reinmns h^aa^liarj^an^ is dtirlle4 i^e' ^ 


pmmtive. 

membrehh 


The prii^ve eia«ak . is of 
that from it Siiil: thy cciUs in its hej^hht^fi^ 
withvtihe inceptieh of the ahterioi* of 
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which are continuous in front of the gi’ooYe but separg.te behind, wherfe they 
embrace tlie anterior end of the primitive streak. The neural groove increases 
in length both in front and behind. The. backward increase takes place at the 
expense of f he primitive streak, whilst .the anterior increase is due to the rapid 
growth of the anterior part of the embryonic area ; at the same time, liot* because 
of, though coincident with,^ an increase of the mesoderm which Kas grown heneath 
them, the medullary folds are gradually elevated, and their apices binding inwards 
unite together over the neural grcoA^’e, which is thus converted into a tube or canal 
— the neural tube. . . * 

Along the line of union the neural tub^ is connected, for a time, with the 
surface ectoderm by a ridge of cells, the neural crest. The crest soon separates 



Showing the closure of the neural groove, the formation of the neural crest, the outgrowth of the* spinal 
ganglia, the comracncenient of the separation of the paraxial mesoderm from the lateral plates, and the 
differentiation of the intermediate cell mass. 


C. Coelom. GC. Germinal cell. PA. Primitive aorta. SG. Spinal ganglion. 

CC. Centralf canal. TMC. Intermediate cell mass. PS. Protovertebral somite. SoM. Somatic mesoderm. 

EC. Ectoderm. N. Notochord. SB, Spongioblast. SoB^ Somatopleure. 

Entoderm.' NC. Neural crest. SC. Spinal cord, SpM. Splanchnic mesoderm. 

SpP. Splanchnopleure. 

from the surface, but it remains connected with the neural tube and is utilised in 
*the formation of the cranial and spinal nerve ganglia, whilst the walls of the neural 
tube are converted into the neri^ous and sustentaoular tissue elements of the whole 
of the central nervous system (brain and spinal coi’d). 

• liefore the tube is closed the neural groove is dilated at each end (see Fig. 18). 
The posterior^dilatation is single ; it constitutes the rhomboidal sinus, which under 
ordinary circumstances soon disappears. Anteriorly, numerous dilatations are 
distinguishable at firSt. The exact number of these dilatations (nenromeres) is 
unit! to be elevgn. As the tube closes they resolve themselves into three distinct 
vesicles termed the prhj^ary cerebral vesicles. These consfitute the rudiments of the 
foi’e, mid, andjiind brains, and their respective ventricular cavities; The remaindert 
of the cavity of the tulie becomes the central canal of the spinal cord. . 

After the.sepavatv)n of the neural crQst from the surface, the mesoderm com- 
pletely surrounds the whole of the neural tui>e, and from*it are formed the 
membranes ojE the brain and ‘spinal cord and their skeletal environments. , 

The gctodernial cells wliich form Jhe wall of the primitive neural tube are ill- 
defined, but tliey soon difterentiate into two sets, spongioblasts and genninal OjOIsS^ 
The spongioblasts are j;he more numerous, they ai-e columnar in .form, and all 
extend from an internal limiting membrane which is developed rouiid! the peii^ 
phery of the central canal, to* an external limiting niembrane which foi^ the outer; ■ 
limit of the neural tube. There is frequently considerable difficulty in rttsogniSing 
their colu'mnar character, even in the e^ly stages, partly because theif nuclei dh 
not all lie at the same level, and partly because they ai-e so closely apposed. * -nie 
spongioblasts are converted into the sustentaeukr tissu#, or nyrelospoxigiuii^ of tfiei . 
brain and spinal cord, hut all do nbb undergo precisely the same transfopmatipn& l 
The«inner portions” of thpsd spongioblasts \Wiose nuclei Ije near the c^rtral rettfn 

a columnar form, and cilia grow from their free surfaces into the'Inmen of th® 5; . 
hr other word8,*they are' converted into the ciUated epithehum: of iffie ceiitj^ 
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but tfip outer portions of 'the sam® cells are transformed into fibrillar processes 
which terminate externally by fusing with the external limiting membrane.# Tlie 
remaining spongioblasts entirely lose their columnar form, they become much 
branched, and their branches interlace with the fibrillar processes of^ the ciliated 
epithelial "cells, fyid with similar branches of neighbouring cells, forming the 
reticular sustentacular tissue or myelospongium ; the externariimiting membrane 
is produced by#the close interweaving of the peripheral myelospongial fibrils. 

The germinal cells are spherical in outline, and contain clear protoplasm and 
darkly-staining nuclei. They lie between the inner ends of the spongioblasts close 
to the central canal where, at the fourth or fifth week, they form an irregular layer, 
and vpry soon give rise to a new generation of cells, the neuroblasts, or young nerve- 
cells. Each neuroblast rapidly becomes pyriform by Ihe outgrowth of an axial 
process or axon, which projects from its outer end towards the periphery of the 
tube. 


Shortly after they? formation the neuroblasts migrate outwards, and^ultijriately 
those of the cord are arranged in longer or shorter columns in the myelospongium, 
whilst those of the brain are grouped together in definite areas to form the 
cerebral nuclei. . ^ 

Each neuroblast as it develops gives off* many processes, which vary in length 
and thickness. The first fonned of these is the axial Jfrocess or axon already referred 
^to. It carries impulses from the cell, gives off lateral branches, and terminates 
either in association with a special end-organ or by ramifying ^midst other nerve- 
processes or round a’nerve-cell of the central or peripheral nervous system. The 
remaining processes of the neuroblast are called dendrites or protoplasmic processes. 
They are usually shorter and more branched than the axon, and they carry impulses 
to the cell. The whole system of cell body, axon, and dendrites into which a neuro- 
blast develops is termed a neuron. 

Every neuron is a separate and distinct entity. Its processes neither anastomose 
together nor with the processes of other neurons. They lie, howeVer, in doge 
contiguity with either the bodyVor processes of other neurons or with "special end- 
organs, and it . is possible for imp\ilses to J3as8 from one neuron to another although 
there is no structural continuity between them. 

Extension of the Mesoderm, and Division of the Blastodermic Membrane 
into Areas. — It has already been pointed out that when the primitive streak first 


appears it consists of a thickened ridge of ectoderm situated in the posterior part 
of the embryonic area and resting upon the entoderm. Jhe anteripr end of tile 
ridge soon fuses with the entoderm beneath it, and from its sides and postpjior 
extremity a laAelliform outgrowth, the mesoderm,, is projected between the 
ectoderm and entoderm. At its commencement the mesoderm is an outgrowth 
from the primitive streak, but during its subsequent extension it is probably added 
to by cells proliferated frcan the ejitoderm. • 

' As it extends the mesoderm f ornis a semilunar sheet of cells,, the concavity of 


the semilune being turned forwards, Whilst the converity is ^adualiy proj^ted 
beyond# the margins of the embryonic atea. The cornua of the senriluria^ste 
grow forwards on either side of, dhd at some little distance from, the' inid^ 
immediately ben^th the medullary folds. Each cornu on reachmg* jbhf ■ 
end^of the embryonic area bifurcates, and tte resulting processes 
fellews of the op]^site side. ^ 

At th^ same time the n^esoderm grows from its ieouyex 
oyer the rest the pyum as^ a continuous sheet rBu^ the 

compietbdiin ^e m^prity of manm^^ 
remain deWiip of mesoderm, and cohsist^ i^^ 

• ■ The-., lariat vof .-the^ "areas Jl^ 

nmny^marnmafe-^iit- fb]dejjt;;tipWard^^ 
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embryonic region. It is separated from the pf bamniotic ar6a by a bar of mesoderm 
in which the pericardial cavity afterwards appears. The anterior part of this 

sebond area is situated in 
front of the neural jgroovCj 
and as, at a later period, it 
forms a septum between the 
primitive n>outh and the 
pharynx, it may be teamed 
the bucco-phaiyngeal area. 
The posterior part of the 
area forms the floor of the 
medullary groove, aiid as 
the notochord is formed 
from its entodennal layer 
we have named it the noto- 
chordal area. 

The third area corresponds 
to the posterior part of the 
primitive streak. It ex- * 
tends from the base of the 
tail towards the umbilicus,. 

Fig. i15. — Surjack Arkas of thb Blastoderm. forming the cloacal mem- 

brane, which forms the 
posierior boundary of the primitive alimentary canal. It is eventually perforated 
by the genito-urinary and anal apertures. 

Except in the areas just described, the blastodermic membrane is trilaminar, 
and at aiiLcarly period it is possible to distinguish the regions in which the heart 
and nericardium, the amnion and the placental and non -placental parts of the- 



Binbryonic area 


Ainiiiotic 

area 


.^^riacontal area 


Chorionic area 



Placental area 


rChoridnic ai^a 


Fro, 16. — Sections showing the (Different Areas of the Blastodermic Vesicle (DOagraininatic), 
I. Transverse section^; II. Longitudinal'\sectiou. 

EC. ^Ectoderm. M. Mesoderm. N.. Notochordi^rthickeniiig. 

EN. Entoderm. NG. Neural groove. V 


dhorion are subsequently developed. These regions form fairly weU-defined ar^as^ ■ 
to the relative positions of which reference may now be made. ; S 

The anterior part of vthe embryonic area in front of the bucoo-phaiyhgeial 
is the region in which "the pericardium^and heart AreiSeveloped, gnd it may 
be termed tliG per&ardial areA ■■ ^ 

The blastodermic membrane immediately surixmnding the 


23 


THi: NpTbCHOBD. 

including the proamnioitic part in tlyse animals in which it exists, is the anmiotic 
area, ^nd this is bounded externally by a band of elevated and thickened ectoderm, 
which indicates the placen^ area. The latter, together with the blastoderm* over 
the rest, of the ovum, forms the chorionic area, which is separable, tlierefore, into 
placental and non^lacental portions. 

These areas are further referred to in the descriptioij of the folding oft* of the 
embryo and th^^ formation of the foetal membranes and placenta. 

formation of the Notochord. — The notochord is the primitive skeletal axis of 
the embryo. When diflerentiated it forms a rod which intervenes between the 
ectodermal neural tube and the entoderm of the primitive alimentary canal. It is 
developed from the entoderm beneath the neural groove in the notochordal area. 
A linear strip of entoderm thickens and then separateePas a solid rod of cells, the 
continuity of the entodermal layer being restored beneath it. When it is completed 
the notochord extends from a point immediately behind the primitive forebrain, and 
beneaCh the anterior i^nd of the midbrain, to the anterior end of the primitive streak, 
and in later stages, as the skeleton is formed, the notochord can be traced fibm the 
post-sphenoid section of the base of the skull, which is situated beneath the mid- 
brain, to the^tip of the coccyx. 

The separation of the notochord from the entoderm commences in the cervicaP 
region, and extends forwards and backwards. The anterior extremity is the last part 
. to be detached, the separation occurring shortly after the perforation and disappear- 
ance of the bucco-pharyngeal membrane. 

. The cellular notochord develops a cuticular sheath ; it is subsbquently surrounded 
by mesoderm which separates it both from the neural tube and the entoderm. 



c 


A. Mesoderm spw>adiiigj!rp^^ the sides^f the ^tqdejrmail |)i^mitiye 
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Proamniotic 

area 


the thickened portions are situated in the regnns of the i^itervertebral .discs, and 
the intermediate constricted portions in Uhe regions of the vertebral bodies; The 
vertefcral portions gradually disappear, and the intervertebral parts are converted 
into a kind ^f mucoid tissue, the pulp of the intervertebral discs. , 

Formation of the Coelom. — Before the e?:ten8ion of the mesoderm oyer the 
blastoderm is completed, that is, before it has reached the ventral ^ole of the ovum, 
it begins to separate into two layers. The separation is brought abc^gt by cleft-like 
spaces whicli appear within its substance near the margin of the embryonic area, 
and, rapidly coalescing, form the coolom or body cavity. Increasing in size* the 
cceloni extends towards both poles of the blastodermic vesicle, but in the embiyonic 
area it is ai'rested before it quite reaches the notochord and the sides of the primitive 
streak. It extends across tfce pericardial area, however, and forms the rudiment of 
the jiericardial cavity, which appears as a transverse tubular passage continuous 
on each side with the general body cavity. Thus the mesoderm is separated into 
two layers, except along the sides of the notochord and primitive streak.^ The 
outer 6r parietal of these layers becomes more or less closely attached to the 
ectoderm, and with it forms the somatopleure, whilst the inner or visceral layer 
is similarly associated with the entoderm to form the splanchnopleure. 

^ There is reason to believe that in man and other higher mammals the ectoderm 
and entoderm are separated by a large space before the formation of the mesoderm 

commences, and that the meso- 
derm is cleft as it extends, 
the somatopleuric part grow- 
ing round the inner sui^face 
of the ectoderm and the 
splanchnopleuric layer extend- 
ing over the outer surface of 
the entoderm ; therefore it 
may be said *that the two layers 
of the mesodern extend from 
the primitive streak and grow 
round a space which intervenes 
in the first instance between 
the ectoderm and the ento- 
derm, and which, when the 
extension of the mesoderm is 
completed, becomes the cmlom. 
This mode ’o'f extension of 
the mesoderm is merely a 
modification of the more 
general plan of its separation 
into layers at a later period. 

When the coelom is fully 
formed the blastoderlA con- 
tains two ♦cavities, one, the 


Primitive * 
cerebral 
(.lilutationa 



.Protovertobral 


Embryonic 
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Paraxial ine.so- 
vlerm (not yet 


Fig. 18. — Surface View of an Early Embryo (Diagrammatic), 

Sliowiiig the neural groove, dilated in the head region but still un 

closed, and theblir.st'iV’otoYcrtebral somites, 

......... 


The n^rgins of the 

coeromic, space are indicated by <Jptted lines, 

coelom or bodji cavity, situated between the two layers of the mesoderm, and the 
other the, bavity of the blastodermic vesicle, usiially called the vitelline cavityj 
which lies inside the entoderm. ‘ ‘t 

Mesodermic or Protovertobral Somites. — ^Lniiug the fonnation of tlie coelom 
the undivided meso'derm at each side of the notochord thickens, princi|>ally, 1^ a 
doi-sal upgrowth which is coincident wi^ the uprising 6f the ectodermal medullary 
folds which , bound the neural groove. Tmete are thus formed two thiokphed bars 
of mesodeniial tissue, one on each side of f-he neural tube, and they toj^ther con- 
stitute the paraxial mesoderm (Fig. 13); the more laterally situated portions of tke 
mesoderm are known as the lateral plates. 

The p^axial megoderm is soon dmde^ except in the head r^on;4^ ambbil^ri; 
of trtmsVerse' cligfts int® a series of cubical masses^teimed /the^ i^ 
somites, lliese |,re at first partially, and afteryrarda more Ocmpietely c^j^ial^l 
from the iateml plates by lofigitudinal groove. Afti^* the . 
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are formed; the protovertebral somitei are connected with the lateral mesoderm by 
somewhat conti'acted strands of cells which collectively constitute the mterme(}iate 
ceU mass of each side (Fig. -M). 

The reparation of the paraxial mesoderm from the lateral platls and the 
segmentation of the former into somites extends forwards to the region of the hind 
brain, where the lirst protovertebral somite is formed^ In front of this the 
mesoderm, in m^immals at least, does not become segmented. 

The cavity of the ccelom may extend into the paraxial mesoderm before it is 
segmented into protovertebral somites, or it may stop just outside the limits of the 
paraxial mesoderm. In the formers case each somite, when separated from the 
lateral plate, contains a cavity, and the intermediate cell mass is also hollow for a 



Fig. 19. — Stages in thb Folding Off of thb Ejibrto ^piagranSnatic). 

^ Longitudinal section of a developing ovum. The folding off of the embryo has commenced, and the head fold 
bending down in front, has invaginated the amniotic area. The tail fold is partly formed, and the 
primitive alim^tary can^, closed in front, communicates freely with the yolk-sac by a v^ide upiib^cal 
■■■.aperture..-.. -.' . ■ ■ ■;:■.#•.-.■ ■■: ^ 

11. Trans^rse section of a developing ovum showing the commencement of J:he “ folding pff.'^ /I^e J;hiokw 
embryonic area is convex externally, anS it aliaady appears to Sinle below the sum^ of the ovum. 

HI. IJiransveme Sjktion showing the. “folding off” more ^vaiiced. The changes seen IXv' hm m 
marked, and by apparent constriction at the junction of the emb^onlc M?ea^ w^^ 

; 4>la8todermLic vesicle the embryo is stUl huth^ nip^ lateral; folds, 

The dmsion of the cavity of the blastodei^io vesicle into that of the primitive^ alinienta^^ 

. the ypll^sac is ^own in all the.figure8i;>;:';. ;V 
The aniniotlc are% direct^ upwards an(f inwards ixi ll.y jfbrms wdth t^e :j^e«eut»i krea^^ 

in in.; of dppasite sides are approfMshing onei^ b^k 

enclose c»vit^ e relaUve <>f 

. ■corie'sp'og.di^ly 'modide^-.;^^^^ 

AA. ■Arnidoh jfeli-:.;-: , 

C. ;- ■: ;Entodej(w;:.^Av 
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many rudiments of the embryo become distinguishable B/k an early period in its 
development, e.g. the embryonic area, the primitive streak and groove, the neural 
groove, the notochord and the protovertebral somites, the body of the embryo does 
not assTiine^its characteristic form until it becomes raised and folded oft* .from the 
general surface of the blastodermic vesicle. 

The main cause of the folding off‘ of the embryo from the surface of the vesicle 
is the more rajDid growth of the embryonic area as contrasted with the slower growth 
and expansion of the remainder of the wall of the vesicle; and the moulding of the 
increasing embryonic area into the form of the embryo is due to difterences in the 
rate of growth of the various parts of the area* itself. 

The manner in which the area is folded, and the changes in the relative 
positions of its various pafts which necessarily result, will be facilitated by reference 
to Figs. 19 and 25. 

Tlie embryonic area at an early period increases rapidly, especially in length. 
Its in/irgius, how’ever, appear to remain comparatively fixed, *and hence as the area 
increases it must fold upon itself. It becomes somewhat convex externally, and is 
raised slightly above the general surface, but at the same time it apparently sinks 
into the interior of tlie ovum, and the amnion folds close over it. 

The antero-posterior growth is greater than the lateral; conseciuently the* 
folding of the embryonic area is most marked in front and behind. Anterior and 
posterior, or ceiihalic and caudal, folds are formed, which indicate the head and 
tail extremities of the embryo. Similarly, lateral folds define the lateral liniits of 
the body. 

' When the body of the embryo thus becomes folded off it contains a portion of 
the blastodermic cavity and of the coelom ; the former is the primitive alimentary 
canal, and the latter is the rudiment of the pericardial, pleural, and peritoneal 
cavities. 

The communication between the pleuro- peritoneal and^ the corresponding 
(>xtra-embryonic cavity is obviously bounded by the margins of *the embryonic area, 
and it constitutes the umbilical orifice. 

Tlie margins of the embryonic area retain approximately their original positions, 
and in its further growth the embryo extends beyond them in all directions. 

THE EMBRYO. 

The embi^o, now" easily distinguishabte from the rest of the ovum, is already 
sufficiently developed to give some indication of the general plan of its organisation 
and of the ultimate relatioh and fate of the three layers of the blastoderm which 
enter into itStConstitution, There are as yet no limbs, but the general contour of 
the head and Ixody are defined. It possesses a notochq;rd, afterwards replaced by 
the permanent vertebral column, which constitutes a longitudinal central axi& 
On the dorsal aspect of the notochord the neural groove is closing to. form the 
neu^’al canal*, or primitive cerebro-spinaL nervous system, wliilst, on its ventral side, 
a portion of the blastodermic cavity is beings included as ta primitive* tubular 
alimentary c*anal, which freely communicates with the remainder of the blastodermic 
cavity, pbw called the cavity of the j^olk-sac. 

The forrrfation of the protovertebral somites, which is the first indication of, thiat 
segmentation which is guch a characteristic feature in the structure of the vertebrate 
‘body, has commenced. ^ ^ ^ 

The general relations of the three layers of the ‘blastoderm remain unaltered. 
Thus, externally, there is a layer of Setoderm forming the surface; of the body ; 
internally, a layer of entoderm lining the primitive alimentary canal ; &nd betWefe 
^thein is the mesoderm, enclosing the coelom. ' '.[rf -- 

The surface ectoderm forms the epithelial elements ^ of the skin and its 

• » 

^ Tfeo ** Epitrhelium ” ,is applied to tissue%3onsi9ting of ceUs which are imitad with p»e aiiotbe^ i 
by means of a small amount of intercellular substance. * . 

The cells constituting epithelium are always arranged in one or more Jiy^iW ; they .coyer Itm 
and line tbe varieus cavities of the; body, including the v^ular ;thdclymjjh^1dc 8ysteips | tli^y 
the active elements iU secretory.glands and line their ducts^ Epitheluim iis always nbhryai 
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appendages, and of the glands which o;[1fen on it. Thus the hairs and hair-follicles, the 
nails, the enamel of the teeth, the epitheliuni of the sebaceous glands, of the sweat 
glands, and of the naam-* 
mary glands are all ecto- 
dermal. -The epithelium of 
the conjunctivse and of the 
lachrymal glands is also de- 
rived ^rom ectoderm. The 
roof of the mouth, the inner 
surfaces of the cheeks, 
the nasal passages and 
their associated cavities, 
together with the adjacent 
part of the pharynx and 
the anterior lobe of» the 
pituitary body, m well as 20. — Thk Rblativk Positions of the Blastodermic Latebs 

the external auditory canal ' in the Body op the embryo when the “ Folding Off " is 
and the Outer;iayer of the Completed (Disgrammatic). 

•tvmnanic membranei are I. Trauaverse section through the umbilical aperture. 

11 ciiiv If* Similar section in fro»t of or behind the iimbilious. 

all developed irom the sur- , ^ ^ wt xt i. i ^ 

AC. Alimentary caual. EN. Entoderm. N. Notochord, 

face, and their epithelium, Ectoderm. M. Mesoderm. SC. Spinal cord, 

with vthat of their glands, VI. Vitello-intestinal duct and iimbyical aperture, 

is ectodermal in origin. 

The epithelium of the sense organs, except that of taste (the tongue), is derived" 
from ectoderm ; the auditory and olfactory epithelial elements, and those of the 
lens and cornea, are from surface ectoderm ; whilst the epithelial elements of the 
retina are from neural ectoderm. • 

• The neural ectoderm is removed from the surface to form the neural tube and 
Tiftiiral crest, from which the cells and fibres of the whole of the nervous systen^, 




Fig. 21.— Tbansvbhsk Section or a Ferret Embryo, 

Showing further diffetentlaiian of the mesoderm. • • 

CC. Central canal. e ML. S^scular layer of prptover* * SO. Spinal cord. 

CL. Cutaneous laihella of protover* itebral somite. V Spinal gandiou, . 

• tebral somite. N. l^otochord. SL. SclCratpgenous Jayer^ 

CO. Gcelom. NO, Neural crest ♦ toverUliral solute* 

EC. r r PA. Primitive aorta. SoMi. Somatic i]lhs6denh.^^^^. v 

EK, ISatodenii. . ' PS. Protpvertebrai somite. SoP. “ “ 

GO. Gferminal^ell. SB. Spou^oblast, Spft.. 

V ';;'SpK''''Splanclinoplei^^ ' ' ■ 
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into it, except the upper parts of the mouth amd pharynx«and the terminal portion 
of the rectum ; thus tlie epithelium of ‘the Eustachian tube and tympamc cavity, 
the trachea, the bronchi, the air- vesicles of the lungs, the gall-bladder, the urinary 
bladder, a*n^ part of the urethra is entodermal. It forms the epithelial constituents 
of the taste buds, or organs of taste, the liver and the panci^eas, the epitheliuni 
lining the vesicles of the ^diyroid body and the cell nests of the thymus gland. 

From the mesoderm all the remaining structures which intervene between the 
surface ectoderm and the entodermal lining of the primitive alimentary tube are 
formed.- 

The Protovertebral Somites and the Lateral Plates. — Each protovertebral 
somite consists of numerous cells arranged radially round a central cavity-^the 
myeloccele ; this latter, hoVever, quickly disappears. 

TJie cells of the somites are gradually grouped into three sets, two to the inner 

and lower side of 
the cavffcy, and 

one to its upj)er 
and outer side. 
The two groiips, 
on the lower and* 
inner side are an 
outer, next tho 

cavity, the. mus- 
cle plate, and an 
inner the sclera- 
togenous layer. 
The group on the 
upper and outer 
side of the cavity 
is the epithelial 
or cutaneous la- 
mella. 

The Sclerato- 
genous Layer. — 

The cells of this 
layer proliferate 

. rapidly and mi- 

Fig. 22. — Furtheu Differentiation ‘oi-* the Mesoderm. grate inwards, 

Traiifeverse section of h rat embryo, showing the transformation of the cells of the surrounding the 

scleratogenoiis layer ol a i)rotb vertebral somite and their extension round the . ® j 

notochord and spinal cord. liotochord, and 

AM. Amnion. * , N. Notooliord. SC. Spinal cord. passing both be- 

AMC. Amnion cavity. PAi Primitive aorta. SG. Spinal ganglion. Iieath the neural 

C. Coelom. PAC. Primitive alimentary SoM. Somatic mesoderm. fnhp 

EC. Ectoderm. canal. SpM. Splanchnic mesoderm. , - a " 

VD. Vitello-intestinal duct. Wards Ulong itS 

lateral ‘‘v’^alls to 

its dorsal aspect ; they iiltqrmingle above and ^ below with tH'e cells of the corre- 
sponding layer of the opposite side, and in front and behind with the cells ot the 
scleratogenoiis layers of adjacent se^mites. In this way the neural tube ancj the 
notochord are gradually enveloped by a continuous sheath of mesodermal ti^iie, 
which forms the membranous vertebral column, ^his is perforated ^at regular 
intervals by the Wrve-roots issuing from the spinal cord and braiil, and by the 
vessels of supply to those structure^. From its ’substance the vertebra and 
ligaments^ the greater part of the intervertebral discs, and the inveatiug fUiembraneS' 
of the brain and cord are afterwards developed.^ 

« The Muscle Plates. — The cells of the muscle plat^ layer lose their ongihil 
epithelial-like characters; they elongate antero-posteriorly, become spindle-shaped; 
and stnated, and .they give rise to the striped muscles of the body. 
timb the fibres developed 'from each muscle plate «reniain looalie^d and quite^ 
from the fibres^ developed from neighl^uring segments^ the ina$^& they 
^ The dtivelopment of. the skeleton is describe^ in the chapter on Osteoic^. 




THE IMBEYO; 


29 


Sclera togeiious 
layer" 


Muscle plate~ 


■vessel 


Spinal coixt 


Bctorlenu 


- Mesoderm 


called l^yotomes. After^ time, however, the fibres of neighbouring myotomes are 
more bt less intermingled, and in the adult, except in certain situations, the iijter- 
myotomic intervals are no Joiiger recognisable. 

The main portions of the myotomes are converted into the muftcle masses 
situated in the dorsal part of the body wall, that is, into the erectores spinas and 
their main subdivisions, and the other muscles which occupy the vertebral grooves. 

In the lower vertebrates the ventral ends of the rnyotomes descend in the 
somatopleure almost to the mid-ventral line, and are transformed into the muscles 
of th^ventro-lateral walls of the body. A similar descent of the ventral .ends of 
the myotomes into the lateral walls qjE the body has not been proved in the highest 
vertebrates. In mammals, including man, the ventral ends of the myotomes only 
descend for a short distance in the somatopleure, and then all trace of their char- 
acteristic structure is lost. It is presumed, however, that cells budded off from the 
myotomes descend to a lower level, 
and that they take jgart in the 
formation of the ventro- lateral 
muscles. 

In lower vertebrates bud-like 
.projections pass from the myo- 
tonies in the thoracic and pelvic 
regions into the limb rudiments, 
dnd from these the muscles of the 
limits* are developed. In the 
highest vertebrates distinct buds 
from ftie myotomes have not been 
observed, but it is said that out- 
growths of cells pass from the 
myotomes into the limb buds, 
where they prolifei^te and form 
the limb-muscles. The occurrence 
of these outgrowths into the 
limbs, like the descent of the 
lower ends of the myotomes into 
the ventral part of the body- wall, 
has not been proved in mammals ; 
possibly it occurs, but, if not, the 
ventral and limb - muscles of 
mammals must* be developed 
from the somatopleural meso- 
derm. 

The Oiitaneous XjanielJ.a of the Prbtovertebral Sotuite.-g— The $ells which form 
the outer and dorsal walls of the cavities of the protovertebral somites retain their 
epitlielial,-like characters for a longer period than those of ' other portions of thb 
somites, and at the borders of the lamelte^hey pass by gradufi^ teansition^^^^i^^ 
cells of tihb musple pkites. ALf ter ^ time they undergo kistological differentiatipii^ 
and |hey aire u^Sised the formatioh of the fubcutanetiiis tissues ^^ci» on 
dorsal aspect of the bo and outgrowths, whjoh descenii^ the offset^ ^ 
nius^e j)iatesy enter ifito the fprmatioh of the^entro-lateral of t^^ 



Fio, 23.— -CoiiONAL SaoTioN OF A Bat Embryo. 
Showing the relationship o{ the extending scleratogeuous tissue 
to the spinaUcord and to the muscle plates. 
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paxietal layers of the pleural and peritoneal^embranes/ and \nth the ;develbphidM 
of the connective tissues, fasci*, and vessels of the ventro^terai walls of the body j 
an^in mammals, apparently, it also gives origin to the yehtrb-kterar body muscles 
and the ilnjscles of the limbs. The splanchnic portions of the lateral pla^ fbfrp, 
the fascia 3 , the connective tissues, the smooth muscles of the walls of the iflimentary 
canal, the heart and great blood vessels, the visceral layers *of the pleuraT tmd 
peritoneal membranes, the spleen, and the germinal epithelium, which becomes 
transformed into the mother cells of the ova and spermatozoa. 

In the cephalic region, in higher vertebrates, lateral plates are not recognisable, 
except so far as they may be represented bjj the walls of the pericardium; but in' 
some lower vertebrates lateral plates ean be distinguished, corresponding in 
number with the cephalia.somites, and it has been asserted that the muscles of the 

Hindbrain 
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Fig. 24. — Tbansyersb Skotion of a Hat Embryo. 

Showing the relation of the paraxial mesoderiii of the head to the lateral plates, the coiunieucement of the 
formation of the otic vesicles and hyomaudibulAr clefts, and the relation of the 2>rimitive heart to the 
' pericax’dium and fore-gut. » 

. EC. Ectoderm. * ‘SoM. Somatic mesoderm. SpM: Splanchnic mesoderm. 

face and the hiuscles of mastication are developed from the lateral plates associated 
with the seconcl and fhird cephalic somites. The Bubje6t, however, is one which 
still obscure, and requires further investigation before any very positive conclusion 
can be arriv,pd atj [ 

The Intermediate Cqll Mass. — ^As* already mentioned, the 'lateral plates and 
the protovertebral somites are connected by th^’inteimediate cellt^l^ses, which aie 
intimately ^sociated with the development of the ducts and tubtdbs bf the gAnital 
and urlnaryt organs in man and dther mammak On each ude the mass, sooir^ 
separates from the protovertebral somites, and is transformed by: ra.pid prblifeithtibn 
. of its cells into ?,n elflngated body, the Wolffian body or priinitiye Indney, which 
projects downwards into the dorsal angle of the body cavity. K 
extends from the fifth somite of the^body backwards, to its posterior end, but is 
most cleaifly differentiated in the middle portion. The Wolffian duc^^d tubirl^ 
and the idullerian duct are developed iif connexion with it ; after Ibe jnonth 
*of intrauterine life it d^enerates, and is replaced by the permauehh i£i*3heyj whhffi 
is formed dorsal to its posterior este-emity. 



3?Hi?vPEIMItIVE 4UMENTAB^} CANAL, 31 


THE development OF THE PEIMITIYE ALTMENTAEY CANAL 

cephalic, calidal, and lateral folds are established, and the general 
outline of the embryo is clearly defined, its dorsal and lateral surfaws and its 
anterior and post^or extremities are easily recognisable, and, as the embryo is 
folded off from the surface of the blastodermic vesicle, a portion of the blastodermic 
cavity is enclosed within it; this is the primitive dlimentary canal. It is simply 
an iriaomplete tubular cavity, situated beneath the notochord, which is bounded in 
front by the head fold, behind by the tail fold, and laterally by the lateral folds, 
but is widely open below and continuous vdth the cavity of the yolk sac, ' 

As the head of the embryo grows more rapidly than^any other part, the head 
fold is more marked than the other folds, and with its formation the pericardial 
area is bent round until it becomes ventral in position, its original upper and lower 
surfaces being reversed (Fig. 25). It is owing to this change of relative position 


Spinal cord Notochord 



FigI 25. — Diagham of a Developing Ovum, seen in Longitudinal Section. 

The folding off of the embryo has commenced, and the downward bend of the head fold in flront has invagi- 
nated the amniotic area. The tail fold is partly formed, and the primitive alimentary canal, olosedain 
front by the bucco-pharyngeal membrane and behind by the cloacal membrane, is distinguishable ; it 
communicates freely with the yolk sac by a wide umbilici aperture. 

G. Coelom. £N. Entoderm. SoM. ^omatic mesq^erm. 

EC. Ectoderm. M. Mesodern* Sp^, Splanchnic mesoderm. 


that the ventyal wall of the alimenteiy canal is cdmplet^ in front, and it is 
obvious that its anterior limit corr^ponds to the bucco-pharyn^^l area of the 
blastoderm. Tlie part so plosed in constitutes the fors-gnt. , , 

• The teil fold at itliis period is small, but it limits the primitivis gut hehind. 

The Ventral closing of the posterior end of the primitive alimehtaity canal to 
form a hindHEnit is produced, as in the gase of the hire^gut, bV bending ot-the 
embiyonic ar^^^'^ ^ ^ p]ac%4n the r^on of the tail fold ; but the interior 

par{^ of the ar^ retains lor a conriderSble tSipe its original , position, and 

forms a oohii^^? :Stalk, termied the betw the embry»,iahd 

obc^ohio blastodeiTm •Hlthnatelj^^ 

i^|)Offltinn,;itB |^tori^Anff<hei|j^ oar^^ 

it of -tiho 


mut 




■AttfA:::; 



32 


GENEBAL ES^BEYOLOGY. 


a fold, by which the gut is suspended froi^^ the under fSurfaee of the pHmitiV^^^^^^ 
vertebral column ; this fold is the mesentery. 

!rhe diaphragm, which is formed at a later period and which separates the 
thorax froih the abdomen, divides the coslom into pleural and peritoneal portions. 

The primitive alimentary canal is almost a straight tube, blind at both its 
extremities, and communicating only with the cavity of the yoll? sac. As yet there 
is no mouth and no anal ‘passage or aperture. The simple tubular ^aiial is divisible 
into fore-gut, mid-gut, and liind-gut, parts which are conveniently associated 
developmentally with definite portions of the fully-formed alimentary canal. 

Thus the fore-gut is converted into the piiarynx, oesophagus, stomach, and the 
greater part of the duodenum ; whilst from the mid-gut and the hind-gut the rest 

of the small intestine (je- 
junum and ileum), and the 
whole length of the large 
intestiine (ciecum, colon, and 
rectum), are formed. There 
is no shaip limit between 
the mid -gut and the hind- 
gut, or between the portionsr 
of the intestinal canal which 
develop from them. 

Diverticular outgrowths 
from the entoderm of the 
primitive alimentary , canal 
form the rudiments of the 
intestinal glands, including 
the liver and pancreas, of the 
respiratory apparatus, and, 
of the thyroid and tliymus 
glands. Details of the for- 
mation of these structures 
are given in the special de- 
scription of the development 
of the system to which each 
belongs. 

Except with respect to the 
anterior part of the fore-gut, 
the changes in shape and 
position which the originally 
simple alimentary tube un- 
dergoes during its conversion 
into its. final or adult fornl 
are described in the account 
of the development^ of the 
digestivNft oigans ; but the 
development of the ph^ynx 
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26. — Diagram uei'iiesenting the Condition of the Ali- 
mentary Canal in a Human Embryo about Fifteen Days 
Old (nioililied H^s). ^ 

The visceral clefts are formed, the subdivisions of the ’fore-gut, 
together with the rudiments of thei4)ronchi and liver, are dist^ct. 


and tliGi structures associated with ut, aiid the formation of the mouth and anusj 
may be considered now. *"5^ * 

Development of the Pharynx and Stomatodsenm, — ^The development of the 
anterior part of the fore-gut into the pharynx and the floor of the mouth is so inti- 
mately associated with the formation o| a primitive month, the stomatod^eunij that: 
the two ibust to a certain extent be considered simultaneously. - ^ 

The stomatodseum first appears as a /lepression between the h^d and the 
^^ardial region. It is produced by the downward growth of the ; 
liead in front and the bulging foi-wg-yd of the pericardium behind, and it is separil^^^ 
from the anterior end of the fore-gut by tjhe bHamiiiar buccq^phatyng^l ineinb^ 
When the stomatodiBum first appears it is notcenolbseid li^^ 
period side beundaries are formed, arid the space ia^developed ^n^v the 
of the mouth and the ii^sal cavities. 
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fore-gut, a rela^vel 7 wide spiiee, continuous posteriorly with the mid-gut, 
is thus, at first closed anteriorly by the bu(«}o-pharyngeal membrane, which sep^tes 
it from the stomatodaeum. , About the fifteenth day, in the human embryo, the bucco- 
pharyng^l membrane disappears, the fore-gut is then thrown int(f continuity 
with the’ stomatodsBal space, and the anterior opening of the alimentary can^ 
is formed. * 

As developqient proceeds the cavity of the fore-gu£ is gradually compressed 
dorso-ventrally, until its transverse section assumes a triangular outline ; but in 
the earliest stages there are no indications of the various organs which -are idti- 
mately developed from its walls. Arfter a short interval, however, two elevations 
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Fro. 27. — Fir&THKB DsviiirrFMBiiT OF TRB Aumbntaxt Carai, as sbbn tM A Homan Embhto . 
ABOUT Five Weeks Old (Diagrammatic). 

The ton^e is vrell formed, the trachea and oesophagus are separated, the bronchi have ooguBeuced to branch ; 
the duodenal curve is well formed, and the cescum has appeared in the loop oik the mid-gut. The 
cloaca is partially separated into geuito-uriuary and rectal portions. 

1. Hind-brhiiu 7. Trachea. 13. Pancreas, 19, Vertebra, 25, Bectum. 

2. Mouth. ;* 8. (Esophagus. 14. Small intestine. 20. Spinal cord. 26. JgroctojlaiUTm 

3. Tongufit * . ^ 15. Cflecum. ♦ 21. Bladder. *27. ^Allantoic diverticulum/ 

4. Peripardium. 16. Intgj^tinal loop. 22. Wolffian duct. 28. Vitelld-ititestinal duct* 

6. Pharynx. 17. Large intestine, 28, Kidnef. 29. Fore-bram, 

6. H«% y 24. Ureter. V. 80. Mid-bfain., 

appei8ip in its vent^ wall. The anterior of these is a rounded elevifriopj termed : 

the situate directly behind (^0 lo|im; ends 

bars or archfS, caUed the mandibulmr arches, which 

of rim fomrCTt rinnrrim anterilbr parts of it| latei»h^^^ 

is the rndii^nt of the 'anterior tw4^4lnn3,S #! rite # 

the flopr 4f 

eleTOt»fe^tPnmeft3the 

deprdribn. • ft is ^jej^i^ti^: from' :tBe lat^ ttin . |cm^^kandyc^;t^^ 
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is formed, which projects, forwards and down\|fards, toward^ tlie perica,rdiuhi.‘ This 
is the first indication of the stomach. ‘ 

Visceral Clefts and Visceral Arches. — In the lateral wall, of the anterior part 
of the fore-^'ut, on each side, four incomplete and more or less transverse clefts, the 
visceral clefts, appear. They are due to outward linear pouohings of the entoderm, 
and corresponding, but less marked, inward depressions of tlfe ectoderm. The 
antei-ior cleft is the best' marked, and the rest diminish in size fr<jpa before back- 
wards. At the bottoms of the clefts the ectoderm and the entoderm are in contact, 
but the tliiu membranes thus formed, which intervene between the cavity 6f the 
fore-gut and the exterior, are only exceptionaUy and abnormally perforated in the 
human subject, though in lower vertebrates they invariably disappear, and the 
pharyngeal or anterior part of the fore-gut is thrown into continuity, laterally, 
with the exterior by a number of.nan-ow slits, the gill slits, which are used for 
respiratory purposes. In man and other mammals, however, the floors of the 
second, third, and fourth clefts are utilised in the formation of the sidesfiof the 
ueek;'tha*t of the firat cleft is transfonned into the tympanic membrane, which 
separates the external auditory meatus from the cavity of the tympanum. 

In the further consideration of the fate of the visceral clefts, it must be borne 
in mind that each consists of an inner or entodermal portion and an outer or ecto- , 
dermal portion. The inner jnrt of the first cleft is converted into the tympanum 
and the Eustachian tube, and the outer part becomes the external auditory meatus. 
No traces of the outer part of the second cleft are left, but a portion of the innei’ 
part can be recognised as a slight depression above the tonsil in the lateral wall of 
'the jtharynx. Both the outer and inner portions of the tliird and fourth clefts 
disappear, but from their inner parts diverticula are given off which form the 
rudiments of the thpnus and the lateral lobes of the thyroid body. The 
diverticula from which the thymus is developed are derived from the third clefts, 
whilst ealch lateral lobe of the thyroid body is formed by a diverticulum from the_ 
fourth cleft. ' 

The mai’ginp of the visceral clefts are thickened by the growth of the mesoderm 
between the entodermal and eotodemal layers, and they are moulded into a series 
, of five rounded bars, the visceral arches, of wliich the fifth is not recognisable 
externally, though it is easily seen internally. The dorsal extremities of the arches 
terminate at the sides of the head below the level of the neural tube, and in the 
early stages the ventral ends rest upon the pericardial region. When the neck is 
formed, it grows forwards from the pericardial region and carries with it the lower 
ends of the visceral arches, which henceforth terminate in its ventral wall. As the 
viscbriil arches are carried forwards the head is strongly curved towards the ventral 
aspect, and the lower ends 'of the visceral arches are pushed backwards over each 
other till the fom*th is overlapped by the third, and the third by the second. 

The. first aroh is the mandibular, the second the hyoid, the third the thyro-hyoid ; 
the fourth arid fifth have no special designations. Each arch is covered — extemaJlj 
by ectoderm, internally by entoderm, and its core is formed of mesoderm,, in which 
there is deVBlopbd ifc bar of cartilage ajid a blood vessel called a cephidic aortic 
arch. ■ » » 

At first each arch is limited to the side wall of the fore-gut; but after a tipie it 
is prolonged into the ventral wall, ej^icroaching, with the exception of the first, upoh 
the sinus arduatus. ' , ; 

The first, or mandilyalar arch, is formed between the first visceral cleft and tfie 
"buceo-pharyngeal membrane. As it develops it ‘forms the lateral ‘and lower 
boundaries of the stomatodaeal space,_ and it grows downwatds till it meets its; 
fellow of the opposite side m the ventra,! middle line, immediately in front ; of tfe 
tuberculum impar. The greater part of^this arch is converted info th’e lower- jaw^^ 
^nd the soft tissues which invest it. From its upper part a process growS'^orwar^, 
the maxillary process, from which the upper lateral paft of the. faqe; between 
orbit ancL, the mouth, is., developed,' find in which . the superior mfixiUhryj tW^ 
and the palate bone^ and possibly the internal pte^goid plate also; afe develo|t(pf 
and ossified. • * , ^ - 

From the posterior border of the outer asppet p|,the.,fotodibTiifo? areW^ 
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and a,’ portion of the h^ix of the piyna of the external ear are formed. The carti- 
laginous bar in its interior is known as Meckel’s cartilage. It forms the primitive 
skeleton of the arch. I^s upper and lower extremities are ossified and remain in 
the adult, the former as the malleus, and possibly the incus, and the flatter as the 
symphy’sial part of the lower jaw. The remainder of the cartilaginous bar dis- 
appears, but the fibrous membrane which surrounds the lower section of the inter- 
mediate part ig ossified and converted into the main paft of the lower jaw, whilst 
that round the upper section of the intermediate portion persists as the spheno- 
manftibular ligament. The blood vessel developed in the mandibular arch is, for 
the main part, a transitory structuns, but its ventral section is converted into the 
internal maxillary, superficial temporal, and lingual arteries. 

The second and third arches are continued dovm wards into the floor of 
tlm ^ pimrpgwl ^ ^ ^ ^ 

fuircula, across I -i 

• the anterior part 

uniting together ^ 

form a transverse jjj iv 

third of the Fig, 28. — Stacks in tsb FdfiMA’ioN op the To^tfE and Uppbii*Apbiitubh of thb 

tontrue. • Labynx in thb Homan Embryo (after His). • 


? I Visceral 
^ I arches. 
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E. Epiglottis. 

F. Furcuia. 

FO. Foramen caecum. 


G. G5>ttis. 

BX. Siniis arcuatus. 

T. Tongue, 

Tl. Tnberculum impart 


tongue. • Larynx in thb Homan Embryo (alter His). • 

Th A SAcnnd ^nibiyo 14 days old. It. Embryo 28 days bid. Ilf. Embryo 28 to 80 days old, 
xuo IV. Embryo 2 months old. 
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of the body and the great cornu of the hyoicjjbone on its^ own side. Its blood- 
vessel, tlie third cephalic aortic arch, becomes the lower pW of the stem of the , 
internal carotid artery. ^ 

The four\ih and fifth visceral arches also enter into the formation of the neck, 
blit their exact limits in the adult cannot he defined. Of the upper section^ of their 
cartilaginous bars no trace remains in the adult, but their lower portions are 
believed to enter into the 'formation of the thyroid cartilage of the larynx. The 
blood-vessel of the fourth arch on the right side becomes part of "^the right sub- 
clavian artery, that on the left side is converted into the arch of the aorta. ^ The 
vessels of the fifth arches form portions of the<pulmonary arteries, and that on the 
left side forms also the ductus arteriosus. 

Further Developmentrof the Ventral Wall of the Fore-gut in the region of 
the Furcula. — The sinus arcuatus which surrounds the furcula disappears to a 
great extent as development i)roceeds, but certain j)arts of it remain and are recog- 
nisable in tlie adult. The anterior portion immediately in front of the fui^'.nla is 
divided into two parts as the lower ends of the second and third arches of the two 
sides converge and fuse in the ventral wall of the pharyngeal portion of the 
foregut ; the middle portion of the sinus, in front of the tranverse bar formed by 
‘ this fusion, persists in the adult as the foramen caecum of the tongue, and at a very ^ 
early period a diverticulum gi^fivvs backwards from it in the floor of the pharynx, 
dorsal to the cartilage bars which form the hyoid bone, but ventral to the rudi- 
ments of the thyroid cartilage. This diverticulum is the thyro-glossal duct. As' 
soon as it readies the level of the fourth visceral clefts it enlarges, unites with the 
'diverticula from those clefts which form the lateral lobes of the thyroid body, and 
is itself converted into the isthmus of the thyroid, its jiyramidal process and the 
thyro-glossal duct or the fibrous cord into which that duct becomes converted in 
the adult. Occasionally the thyro-glossal duct is not wholly transformed into a 
fibrous edfd but portions of it remain in the form of isolated vesicles, lined with 
columnar or cubical epithelium, or as cords of cells, and these occasionally undergo ' 
abnormal develppment, forming tumours at the base of the tongue or in the upper 
part of the neck. ^ 

The portion of the sinus arcuatus which lies behind the conjoined lower 
extremities of the second and third arches of opposite sides, and in front of the 
fuvcula, persists in a modified form in the adult, and is recognisable as glosso- 
epiglottideaii pouches or valleculas at the base of the tongue. 

The furcula and the groove in the ventral wall of the fore-gut, which it embraces 
antero-laterally, are both of considerate -importance. The anterior part of the 
fiirctila is situated in the ventral wall of the pharyngeal portion of »the fore-gut, but 
its backward prolongations' and the furrow between them lie in what may be 
termed the intermediate part of the fore-gut, that is, in that part of the fore-gut 
which intervenes betvjeen the pharyngeal and stomacti regions. Gradually the 
furrow deepens, and its posterior extremity dilates on each side. Afterwards thei 
margins of the furrow coalesce from behind forwards, and in this manner the 
cavity of the^furfew is separated from tlif^ fore-gut, its walls are converted«into the 
trachea and the lower parb of the larynx, whilst t(he diverticula, which are projected 
from its posterior end, foriit the rudiments of the bronchi. The fusion of the 
margin qt tlie furrow ceases a short \Jistance behind its anterior extremity, widch 
latter persists as the superior aperture of the larynx. The anterior part oJ ,the 
furcula, which l)ounds ^is aperture in front., becomes the epiglottis, and its lateral 
extensions, which dorm tlie margins of theaperture, aVe con verted in to ^he ary teno-^ 
epiglottidean folds in the substance of which the urytenoid cartilages a.iid the 
cartilages; of Santorini and Wrisberg (cuneiform cartilages) are formed.. 

DEVELOPMENT OF THe'mOUTH AND THE NOSE. 

The nqge is formed entirely fronf the stomatodseum. The mouth has a doiible 
origin ; the roof and fore part, including the teet^ji, are: developed from the stQpia|6-* 
dieum, whilst tjjio floor and the tongue* are developed, from the pharynj^al pi^^ 
the fore-gut. 
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It. has already been pointed out*(p. ^2) that the stoinatodieal depression lies 
between the anterior part of the head (i.e. the tissues forming the base <>f, the 
primary fore-brain) and ttie pericardial region, and that it is separate^ posteriorly 
from the fore-gut by the bucoo-pharyngeal membrane. At lirat it has no distinct 
lateral boundaries but subsequently the mandibular arches, which are developed at 
the sides of the bucco-pharyngeal membrane, project forward beyond it and fonn 
lateral limits of the depression. If the stomatodasal space is examined from the 
fronjj at this period the following boundaries are recognisable. Above and in front 
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Fig. 29. 


I. Side view of the head of human embryo about 27 days old, showing the olfactory pit aij^ the visceral ai'ches 
aud clefts (from His). • 

Transverse section through tht head of an embryo, showing the relation of*the olfa<!tory pits to the fore- 
* brain and to the roof of the stomatodfleal space. 

ITI. Head ,of human embryo about 29 days old, showing the division of the lower part of the mesial fyontol 
propess into the two globular processes, the intervention of the olfactory^its between the mesla] 
aind lateral nasal processes, and the approxiinltion of the majdllary and lateral nasal processes,' which, 
however, are sepaAted by thfe 9 culo-#asal sulcus (froin His). • 

IV, Transverse section of head of embryo, showing the deepenii^ of thS olfactory pits and ^eir reluttoii ^ th|C 
* Jbmisphei^ vesicles of the fore-brain. 
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Whilst the boundaries of the stomatodaeat space are being defined, two oval 
depressions, lined with thickened epithelium, appear in its upper boundary on the 
lower and anterior surfaces of the fronto-nasal process ; these are the olfactory pits 
or depressioAs. A portion of the epithelium of their walls is separated ofl*and takes 
part in the formation of the olfactory bulbs, whilst the remainder is transformed 
into the olfactory eintlielium, from which the olfactory nerve-fibres grow inwards 
to the olfactory bulbs. A's the olfactory pits deepen they grow backwards into the 
roof of tlie stoniatodieal snace. and at the same time they separate the lower portion 
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^ Fig. 30. 

T. Portion of the head Jiiul iieclj, of a human embryo 32 days old. The floor, of the mouth and pharynx and 
the ventral p/irt^ of the anterior portion of the body have been removed. By the approximation of the 
globular and maxillary processes the boundaries of the anterior nares are almost complete, but the 
olfactoiy pits still open in the whole of their lengths into the roof of the mouth (from His). • 

II. Transverse section of /Jie iiead of an enihryo, showi^ the close apposition of the globular axid* inaxillary 

processes. ^ 

III. Head of human embryo about 2 uiputlis old, showing the uniftn of the globular processes and their fusion 

with the maxillary processes. The anterior nasal apertures are now completely defined (from' His).! 

IV. Transvers 3 section of the head of an embryp, showing the fusion of the maxillarj'^ processes with the 

fidobuiar processes, and the separation anteriorly of the nose from the mouth. 


of the fronto-iiasal procoGS into three part^, constituting a median and two lateral 
nasal processes. At each lateral angle of the median nasal process a^ spheroidal 
elevation, the globular process, appears. The part of the median nasal process 
wliich intdi'venes between the two globular processes is divided into twot areas, ah 
upper triangular and a lower quadrilateral, by the appearance of a tranverse ridge, ; 
Wchich is afterwards moulded into the tip of the nose. TJie upper triangular 
becomes the dorsum of the nose, ^qnd the lower quadrilateral atea forms the 
columella, the lower and anterior pa|;t of the septum between the ante^ 
nasaf apertures. The globular processes are utilised in^ttie formation of -the 
or middle part^of ‘the upper lip, and ‘the lateral nasal ^procei^es iom th^^^^^^^ 
the hose or lateral boundaries of the anterior nasgl apertures,’ As the olf^jjpi^ 


FOBMATION 10F THE PALATE. 39 

deepw and gro^ back\^ into theiroof of the stomatodseum the maxillary pro- 
cesses grow forwards from the lateral botindaries of that space, that is from the 
upper ends of the mandibular arches, and pass beneath the eyes, which now *form 
distinct prominences on the sides of the head. The upper borders of tl!e maxillary 
processes come into contact with the lateral nasal processes from which they ate 
temporarily separated by grooves, the oculo-nasal sulci. These latter pass from the 
depressions roiyid the eyeballs, the rudimentary conjuncfival sacs^ to the margins of 
the nasal pits. The anterior extremities of the maxillary processes impinge upon 
the ^obular processes, and ultimately their upper borders and anterior extremities 
fuse with the lateral nasal and globiliar processes completing the posterior bound- 
aries of the anterior nasal orifices, and the lateral parts of the primitive upper lip. 
At the same time the oculo-nasal sulci are converted int<f the lachrymal sacs and the 
nasal ducts, which henceforth constitute the channels of communication between 
the conjunctival sacs and the nose. 

The result of the jngrowth of the maxillary processes and their fusion with the 
lateral nasal and globular processes is the division of the large orifice which fed into 
the stomatodjcal space into three parts — a large lower,, and two smaller upper aper- 
tures. The lower opening is the aperture of the mouth ; it is bounded below by the 



I. Portion of the head of a human embryo about 24 months old (His). The lips are separated from the gifms, 

and the line of the common dental germ is visible in the latter. The palatal procesSSss are growing 
inwards from the maxillary processes. 

II. Transverse section of the head of an embryo after the fusion of the palatal processes oLthe maxillar>' pro- 

cesses with the nasal septum, which grows backwards from the fuj^e^ globular precises. 


united mandibular arches, and above by the fused ‘mesial nasal, and maxillary 
processes. The smaller i^per openings are the anterior nares, vrhi^i on their first 
formation are, merely fpiiamina of communication between the exterior and the 
upper part Of the stomatodseal spape ; the latter is not yet separated into nml aud 
01^1 chambers. , ^ "'r 


Ft^fnaiation of the Palate and thft Separation of the Ifhaat and Bhcoal 
Oayitiee,— This '^aratioh is effected by the fomiation of the palate> Vluch is 
de^loped 1^ AcUght extent by' the^^ h^ gro'tif^h of the gj^hplar proc^ 
along thA roof of the space as a pair of ridgee^ termed the nasal li^niiua, Mj^ich^^f^ 
hither; to form a sin^ anterior the palate^, vifc the mtei friaYili aiy prni. 

com; in wBch the ptermaxillary pa^ of the su^ili5(r.- hiajpBA^^ a^^^^ 
remaining and ^teater pairt df the pjdftte is : fdrnied i^^^ 
one frdni the inner furface of :ea^h niajdB^ pfnc^ 

ndth-:thft;iiptmhMbdllaiy:pro(^^ead;ibehi^ 
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aperture, the boundaries of which have alreadi/' been descrijjed, and posteriorly it is 
in direct continuity with the pharynx. * 

l^lie division of the common nasal chamber into two parts commences before its 
separation from the mouth is completed, and it is brought about by the devplopment 
of a septum which is continuous anteriorly with the fused nasal laminae, and which 
grows downwards and backwards from the mesial part of the utider aspect of the 
fronto-nasal process. Thfe septum fuses below with the conjoined* margins of the 
palatal ledges of the maxillary processes, and a vertical plate of cartilage soon 
develops in its interior, which is continuous above with the cartilaginous base ?)f the 
cranium (basi-cranial axis). A portion of this^septal cartilage remains in the adult 
as the septal cartilage of the nose, and the remainder is more or less completely 
replaced by the vertical plate of the ethmoid bone and by the vomer. The lateral 

wall of each nasal chamber is formed, 
in the lower part of its extent, by the 
maxillary process gf the inandibukir arch, 
in which the superior maxillary, malar, 
and palate bones, and possibly the inter- 
nal pterygoid plate, are developed, and 
in the upper part by the outer boundary • 
of the original nasal pit, which now 
forms only the upper part of the nasal 
cavity. In this upper section of the 
outer wall an outgrowth of the basi- 
cranial axis projects downwards, ^nd is 
developed into the lateral mass of the 
ethmoid bone; probably it also takes 
part in the formation of the inferior 
turbinal bone. , 

The fusion of the* three segments of 
the palate commences anteriorly at the 
eighth week by the union of the maxil- 
lary and globular processes; it passes 
backwards and is completed by the 
fusion of the posterior parts of the 
palatal ledges of the maxillary processes, 
about the tenth week. To the non- 
•completion of this fusion the various 
cases of hare-lip and cleft palate are due. 


HB 



Fia. 32. — Vertical Section through Head of 
« Rat Embryo. 

Showing the formation of the two parts of the pituitary 
body (diagrammatic). 

(Ectoderm is repqnseiited in black, entoderm in bine, 
and mesoderm in red.) 

At. ^tlas. Pineal body. 

Ax, Axis. PR. Cerebral hemisphere. 

B, Cartilaginous basi- Pt^. Cerebral part of pituit- 
eranial axis.*^ « ary body. 

Pt% Buccal part of pituitary 
body. 

SG. Spinal ganglion. 

T, Tongue, 


H. Heart. • 

HB. Hind-brain. 

MB. Mid-brain. 

N. Part of nasal caviljy. 


TIi. Tlial&mclf’icephalon. 


The Organ pf Jacobson. — The organs 
of Jacobson are rudimentary structures in 
man. They lie in the lower and anterior* 
part of the nasal septum, one upon each 
* side. They are developed as sm^l diverti- 
cula which grow backwards and upwards 
in the substance of the septum, and their poinfe of commencement are^ situated 
immediately above the intermaxillary segment of the palate. Each diverticuluAi is 
partially Surrounded, on its inner side, by a cartilaginous capsule, it ends blindly betind, 
and it opens anteriorly close to the floor of the nose in the region of Stenson’s foramen-— 
a small aperture lef{ between the premaxillary and maxillary sections of the bony palate. 

The Pituitary Body. — The pituitary body is forfiied partly from the floor pf 
the first primary cerebral vesicle, and partly from the roof of the Cstomatod^l 
space. The stomatodseal portion appears^ as a small pouch, Eathkeb pouch, whidh . 
grows dorsally into the base of the head immediately in^front of the dorsal end of 
the bucco-pharyngeal membrane and the anterior end of *the notochord and behind :; 
the fore-br^jn. It- is lined by ectocfeim, and soon becomes a conical vesicle which; ; 
lies •beneath the base 6f the fore-brain. Its o^ifice^of commmiication - ^ 
stomatodoBal space* is gradually constricted until the, , lumen dfaappears,^ 
for a time the vesicle is connected with the surfcuje By & solid cord of ec^ 
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celb. ‘This also disappears, and the ^sicle is embedded in the base of the head in. 
a refgibn above and between those parts of the basal axis which afterwards are 
transformed into the basi-«and pre-sphenoid elements of the sphenoid bone. 

During the period of its formation and separation the ingrowth from the 
stomatodieum comes into relation posteriorly with a small diverticulum from the 
floor of the fore-flrain, which dilates at its lower end to form the posterior or 
cerebral lobe of , the pituitary body, whilst its upper part* remains as the infundi- 
bulum, the connecting stalk between the pituitary body and the floor of the third 
ventrfble of the brain. The anterior or stomatodieal lobe of the pituitary body is 
much larger than the posterior lobe, Vhich it surrounds and conceals both in front 
and at ’the sides. ^ 

It is evident that in the early stages the pituitefty body consists of two 
ectodermal vesicles, the cavity of the posterior vesicle is continuous with the 
cerebral tube, and that of the anterior vesicle with the cavity of the primitive 
mouth. ♦ The cavity pf the posterior vesicle is generally obliterated, ayd though 
nervous structures are for a time developed in its walls they entirely disappear in 
man and are replaced by vascular connective tissue. Occasionally a small part of 
the cavity remains as a minute vesicle lined with columnar ciliated epithelium. 

• The cavity of the anterior vesicle persists, it sends out numerous diverticula, 
and is gradually converted into a number of tubular*spaces, lined with cubical or 
columnar cells, united together by vascular connective tissue which has grown 
Amidst the tubules from the surrounding mesoderm. 

• 0 

♦THE EXTERNAL EAR, THE TYMPANIC CAVITY, AND THE 

EUSTACHIAN TUBE. 


The external ear, the tympanic cavity, and the Eustachian tube are all developed 
from the first visceral cleft and its boundaries. The cleft lies between the 
mandibular (first) and the hyoid 


(second) visceral arch in the side 
wall of the pharyngeal portion of 
thet fore-gut, and, before a neck 
is developed, it extends from 
just beneath the otic vesicle, 
which lies at the side of the hind- 
brain, above, to the pericardial 
region below. The membrane 
which lies at the bottom of the 
cleft consists in the early stages 
of ectoderm and entoderm, but 
in a short time ft thin layer of 
ftiesoderm grows between the 
two primary layers, and the 
trilamiivat septum is ultimately 
converted into the'l tympanic # 
memjjrane which separates the ■ 
external fri)m 
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intermedium helicis. The tipper tubercle cfti the hyoid#, arch is the tuberculum 
anth^licis, the middle is the tuberculum antitragicum, and the lowest is; the 
tuberculum ^lobulare. Shortly after the appearance of the tubercles a process, the 
caudal process, grows backwards and downwards, from the posterior payt of the 
tuberculum intermedium helicis, behind the tuberculum anthelicis and the tuber- 
culum antitragicum to ^the tuberculum lobulare, with 'which it fuses. The 
tuberculum tragicum reinains more or less distinct, and it forms *the prominence 
called the tragus which lies in front of the concha and external auditory meatus. 

The two tubercles of the helix and the caudal process unite to form th^ helix 
or marginal portion of the pinna ; this teAninates below in the lobule which 
is developed from the tuberculum lobulare. The tuberculum anthelicis and the 
tuberculum antitragicum lire the rudiments respectively of the antihelix and the 

antitragus, and 
the latter unites 
below the lower 
part of the cleft 
with the rudiment 
of the tragus, 
forming the lowers 
boundary of the 
outer part of the 
external meatus, 
it should be 
noted that in tlie 
early stages the 




1. Tuberculum tragicum = Tragn8. 6. Tuberculum antitragicum = Anti- 

2. , , aiJte^ius helicis 'j tragus. 

■3; ,, intermedium Jielicis >■ Helix. 7. Tuberculum lobulare =, Lobule, 

4. Cauda helicis ^ J HM. Hyo-mandibulor cleft, 

5, Tuberculum anthelicis = Antilielix. OV, Otic vesicle. 


tuberculum an- 
terius helicis lies 
in front of the^ 
outer part of the 
first visceral cleft, 
but it does not 
retain this posi- 
tion in the later 
stages during 
which the cleft 
is relatively re- 
duced in size, and 
when develop- 
ment is completed 
and the outer part 
of the cleft is 
transformed int6 


the external audi- 
tory meatus* the cbmhiencement of the hcAix, which is developed from the tilberculum 
anterius helicis, is situated iust above the outer extremity of iSie external meatus. 


The outer part of the cleft is moulded into the external auditory passage It 
remains restively shallow and devoid of bony boundaries till after birth, but in 
the subcutaneous tissue round the lower margin of the tympanic mernbrane an 
, incomplete ring of bone is formed during the third month, and at an eaplier period, 
above the upper f)art of that membrane, the rudiment of the squamorls part of the 
temporal bone appears. To the outer side of the tympanic ring in the subcutaneous 
tissue of the pinna and the outer part of the external auditory passage .three pieces 
of cartilage appear, and they afterwards, join to form the cartilage of the pinna add 
fthe external auditory meatus. ^ 

After birth the external meatug^is deepened, by the outgrowth of the tympanic 
rii^ below and of the squamous part ot the temporal bone abov^ together, 
coincident incrq^,se of the outer part of the canal. 

The tympanicr cavity and the Eustacliia^ tube are^ both 
part of the first visceral cleft, and consecpmntly^thej^ife bbthlme^ 
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The tympanic cavity ie developed from Jlihe dorsal or upper end of this portion 
of the cleft, and it is prolonged upwards on the outer side of the otic vesicle which 
simultaneously descends in»the tissues of the head. Thus the upper ^d of the 
inner portion of the cleft, which is somewhat dilated, comes to lie between the otic, 
vesicle, which is developed into the internal ear, on the inner side, and the tympanic 
membrane which separates it from the external auditory lyeatus on the outer side, 
and it remains i» the adult as a laterally compressed space, the tympanic cavity, 
which ^ continuous through the Eus^hian tube with the upper part of the 
pharynx. In the mesoderm round the mner, upper, and back part of the caVity the 
petrous part of the temporal bone is tfeveloped and ossified, and in the lower and 
anterior part the tympanic ossification extends outwards during the formation of 
the tympanic plate. 

The upper part of the tympanic space is prolonged backwards between the ossifying 
petrous and squamous parts of the temporal bone, where it forms a recess knov'n in the 
adult as t?ke mastoid antrum, from which at a later period diverticula are projected* into 
the mastoid portion of the temporal bone, forming the mastoid air cells. 

The lower portion of the inner part of the cleft is, moved obliquely forwards. 
4^8 development proceeds it is contracted and carried downwai’ds and forwards in 
front of the developing otic vesicle. It is the rudiment of the Eustachian tube, 
and, as the septum which separates the nasal chambers from the mouth is formed, 
its lower end attains a position just behind and at the side of thb posterior narial 
orifige *in the upper and lateral part of the pharynx. Appai’erftly, therefore, the 
lower end of the Eustachian tube has a much higher position than that originally 
occupie'd by the lower end of the cleft from which it is formed, for it will be 
remembered that the lower end of the first visceral cleft is situated, in the early 
stages, at the side of the tuberculum impar from which the anterior two-thirds of 
the tongue is formed. This alteration in relative position is due, howevef, not to 
elevation of the lowef end of the first visceral cleft during its transformation into 
the Eustachian.passage, but to the enormous downgrowth of the niancjibular arches, 
which carry with them the tongue, as they enlarge to form the lower jaw. 


THE HIND-GUT, THE ANAL PASSAGE, AND THE POST-ANAL . 

OE TAIL GUT. 

By the formation of the mouth the primitive alimentary canal openg anteriorly ; 
it remains- closed posteriorly until a later ‘dale, when thqkanal passage and orifice 
are developed. * , . 

The posterior end of the Iiind-gut which is enclosed in the tail-fold is termed 
the cloaca. The cloaca is dilated, and, assuming a conical forrq,«eceive8 the 
terminations of the geiiito-«rihary duets. It is bounded postero-inferiorly by the 
clbacal uembnue winch extends from the root of the tail to the body stalk by which 
the embry© is att^hed to the chorion. Tlie cloacal membrane is modified from the 
posterior.^art of the primitive streak; this semains on the surface 6f the body after 
the anterior part htur been, separated and enclosed duyi% the completion of tlie. 
poetesior |«urt of Ibe neural canal, and it forms a septum between the cavity of ^^t^^ 
cloaca and the exte^or. : It consists at first of ectoderm and eUtodei^ aloae, arid 
it is Only at its Ji^er and ant^^ that it is snbMqUently invaded to a sUjgh^ 

of intjauteriae life jfehe; Olcde^ 
or i ^nhO-^^hiinai^ a^ or rwtaf i Si^ouj 

lateral’foldsiijyhiGli^adually unite, 
end-:M^t^Sj5^t^!ial^l^aehes;Candflu0jft^ihstlfevtl^ 
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surrounded by an oval fold of skin, the genital fold, which extends from the front 
of the eminence to the root of the tail and encloses a shallow fossa, the cloaca! 

fossa, at the bottom o6 which is the cloacal mem- 
brane. The posterior part of the cloacal fossa is 
afterwards separated from the anterior part by 
a transverse fold, the perineal^ fold, which crosses 
the external surface of the cloacal membrane in 
a position which corresponds internally with that 
occupied by the lower end of the septum separating 
the genito-uHnary from the rectal portions of the 
cloaca. The posterior part of the cloacal fossa, 
behind the transverse fold, is the proctodaeal de- 
pression or proctodfiBum ; at first its long axis lies 
transversely, afterwards it assumes a triangular 
and then a circular form, the sphincter a«i muscle 
develops in its walls, and it is transformed into the 
greater part, if not the whole, of the anal canal 
of the adult. It is separated from the rectum by 
the posterior part of the cloacal membrane, but 
when that disappears, at a date which has not yet 
been definitely ascertained, but probably about the 
third month, the anal passage forms the cajial liy 
which the rectum communicates with the exterior 
of tlie body. «. 

The orifices of the alimentary canal are thus 
completed. 

The Post-anal or Tail Gut— When the hind- 
gut is first enclosed there is no fail, but a rudimentary 
tail is subsequently developed as an outgrowth from 
the dorsal end of the tail-fold, i.e, from the posterior 
extremity of the body of the embryo. As the tail is 
formed, a narrow tube, which communicates in front 
with the hind-gut, is developed within it. This is 
called the post-anal or tail gut. As a rule it only 
exists for a short time, disappearing from before back- 
wards about the period when cartilage begins to be 
formed in the body and limbs, and before the cloaca 
is divided into its rectal and genito-urinary portions. 
In the few cases in which it persists it retains its con- 
tinuity with the rectum, which is formed from the 
dorsal part of the cloaca. 

It appears in the huAian subject when the embryo 
is 3 mm. long, and the rudimentary tail is just visible 
as a small nodule. When the embryo attains the 
length •bf 4*8 mm. the anterior part of ihe tail-gut 
begins to degenerate, its cavity disappears, and it is converted into g solid cord of cells which 
is still attaohed in front to the hind-gut. In embryos 11*6 mm. long, when the tjiil has 
been enclosed in the posterior part cf the body, the connexion of the tail-gut with the 
hind-gut is ‘lost, and the tail-gut is represented by a small vesicle with a short tord of 
degenerating cells attached to its anterior part. 

In larger cmbiyos the tail-gut entirely disappears, Vflien, as in the huq^an subject, the 
rudimentary tail is eventually embedded in the posterior end of the body, any rudiments 
of the tail-gut which persist will be found in this situation ; it is stated that such rudi- 
ments occasionally develop into tumour formations. In mammals ! with free tails, 
rudiments of the taibgut may be met with in any part of the tail, and apparently the 
anterior portion occasionally persists and maintains its connexion with/ the rectum, fruin 
which it extends backwards as a narrow and blind diverticulum. 



Fro*. 35. — Diaouams showing the separa- 
tion of the cloacal pai^; of th^ himl- 
gtit into geiiito- urinary tract and 
rectum. 
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THE LIMBS. 

Though the body of the embryo begins to assume definite form as socm as it is 
folded and nipped oif from the rest of the ovum, it does not present any distinguish- 
able human oharacWristics until the anterior and posterior limbs are formed. There 
are no traces of Jhese before the tliird week of intrauterine life when two longi- 
tudinal ridges, the Wolffian ridges, are developed, one on each lateral surface of the 
body, Jhst external to the outer margins of the protovertebral somites, and opposite 
the line of the intermediate cell mass.* The rudiments of the fore and hind limbs 
are discernible, almost from the first, as slight prominences of the Wolffian ridges, 
and in the fourth week they project as bud-like outgrowths in the tlioracic and 
pelvic regions respectively. The development of the fore-limb or arm is through- 
out slightly in advance of that of the hind-limb or leg. At the fourth week each 
limb-bud, is a flattened ^semi-lunar projection, as long as it is broad, with doiml and 
ventral surfaces and tfiiterior or preaxial, and posterior or postaxial borders. * As 
growth proceeds, the elongating limb-buds are bent ventrally, and in the fifth 
week two transverse furrows, on the ventral aspect of ejich, indicate the positions 
of the joints and the, division of each limb into three segments — distal, middle, and 
proximal — ^representing the hand, forearm, and arm in Jihe upper limb, and the foot, 
leg, and thigh in the lower limb. The tenninal or distal segments are broad flat 
plates with rounded margins, but each is soon divided into a somewhat enlarged 
basaj ;^art, and a thinner and more flattened marginal part. It iS where'these two 
parts are continuous that the rudiments of the digits appear. They become 
distinguishable about the end of the fifth week as small lobes which gradually 
extend outwards. In the fore-limb the fingers project beyond the margin of the 
hand-segments in the sixth week, but the toes do not reach the margins of the foot 
till the early part of the seventh week. The nails aj)pear at the third mohth, and 
reach the ends of th6 digits at the sixth month. 

In the primary position of the limbs the elbow and the knee appear alike to be" 
directed outwards, but this is soon altered. At the end of the sixth week each 
limb undergoes a partial rotation, the direction of wlrich is difierent in the"fore and 
hinl limbs respectively. In the former the elbow is turned backwards, the ventral 
surface therefore becomes anterior, and the preaxial (thumb) margin is directed 
outwards ; in the hind-limb the knee is turned forwards and the ventral surface of 
» the limb becomes posterior, whilst the preaxial (great toe) margin is directed 
inwards; thus in the adult the anterior itoface and outer border 8f the upper 
extremity correspond with the posterior surface and flaner border of the lotrer 
extremity, whilst obviously the posterior surface and inner tibrder of the former 
are homologous with the anterior surface and outer ^rder of the latter. 

Each limb-bud may be regarded as an extension from a definite Wuiber of the 
segments of the body; it contains a core of mesoderm, and the a,nterior or ventral 
prima^ divisions of the corresponding spinal nerve segments are apparently 
prolouged»ihto it. 

; ^ -The central part^pf the mesodprm, except in the regions of the jeints' where 
oe>vi%s appear, is condensed and then converted first idto eartUage and afterwards , 
.®tp‘ bone.^ The proximal part of the bony skeleton of each lijqih, the hnffi^j^dle, ; 
is notv however dev^ped in the limb-bud, but in the body wall at its* base, ^^he 
moie fupefficit^y s^^ m.e8oderm is .txansfonned intP^^n^^ suheutaneous^^ 
tiseuesi the Vntensor inriscles ahpeainng on the doissd And the flex«nr muScl^^^ 
-.venti^vaSj^t'-'' '• ■- ‘ 

; , : vAskthe nerro 

biahches palsing r^j^tiyely to the%»ifSa^;or e^hsor: aspect of >the :iimb.<ah^ 
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and cutaneous laniellee in the thoracic and j^elvic regions^ and as the muscle-plates 
pass downwards in the somatopleure towards the ventral aspect of the body, these 
buds grow outwards into the limb-rudiments and devqlop into the muscles of the 
limbs. Presumably this is the more primitive arrangement, and that met with in 
man and other mammals is secondary, and it is stated that although lao distinct 
buds from the muscle-plates pass into the limbs of mamm&ls nevertheless the 
limb-muscles are formed* by cells, proliferated from the muscle-pj.ates, which have 
migrated into the somatopleural mesoderm of the limbs. 


THE NUTRITIOJ^ AND PEOTEGTION OF THE EMBKYO 
DURING ITS INTRAUTERINE EXISTENCE. 

The impregnated ovum during its passage down the Fallopian tube, and for a 
brief, period also after it enters the uterus, lives either on the yolk granules (deuto- 
plasm) embedded in its own cytoplasm or upon material absorbed from the fluids 
by which it is surrounded. The human ovum is very small, and consequently it is 
almost from the first dependent for its nutrition upon sources of supply outside 
itself. The urgent necessity for adequate arrangements whereby this may bfe 
effected leads to that early establishment of an intimate vascular connexion 
between the embryo and the mother which is so characteristic a feature in the 
development of the human ovum. , At the end of the second week, after fecrtilisa- 
tion of tlie ovum, tlie embryo is separated by a slight, constriction from the rest of 
the blastodermic vesicle, and already a primitive heart and rudimentary* blood- 
vessels arc distinguishable. 

The development of the vascular system, and the establishment of the foetal 
circulation, however, cannot well be understood until the formation and structural 
features of the group of closely associated extra-embryonic organs or appendages 
%have been considered. 

This group includes the yolk-sac, the chorion, the amnion, the allantois, and 
the placgnta. 

THE FCETAL MEMBRANES AND APPENDAGES. 

The Volk-Sac or Umbilical Vesicle. — That portion of the blastodermic cavity 
and its wall which is not included in the body of the embryo to form the primitive 
alimentary danal constitutes the umbilical vesicle or yolk-sac. Its walls, like its 
cavity, are continuous with the corresponding parts of the intestine, and their 
structural features are identical, there being an inner layer of entodermal cells and 
an outer layqr which is formed by the splanchnic layer of the mesoderm. 

In the human erpbryo the yolk-sac is a small flask-like body, suspended from 
the ventral wall of the alimentary canal by a hollow stalk, the vitello-intestinal 
duct, which passes tlirough the umbilical orifice. It lies in the extra-embryonic 
continuation of*«tha body-cavity (coelom), and is filled with fluid. Possibly the 
contents of the yolk-sac «are utilised in the nutyition of the *embryo in its earliest 
stages, and the first rudiments of the blood-vascular system, viz. blood corpuscles 
and vegsels, appear in its walls. Jn the human embryo, however, it is of little 
nutritional importance; it soon atrophies and almost entirely disappears, but leaves 
traces of its existence jin the umbilical cord. 

‘ The Amnion.— The amnion is a protective sac* which surroundsb the embryo. 
It is formed, after the development of the coelom, from the amniotic area of the 
blastoderm, and its wall is continuous, at the margins of the umbilioal^ orifice, with 
the body- wall of the embryo. Both v^alls consist of a layer of ^toderm and a; 
Jayer of somatic mesoderm, but whilst in the body-waU the ectoderm is eKterhid 
and the mesoderm internal, the relative positions of tUe layers are reversed in tli^J 
amnion, the mesoderm being extertfal and the ectoderm internal. - : 

• The cavity enclosed between the aftinion apd the embryo, the animptic cald^ 
is filled with fluid, the amniotic fluid, in which the 'embryo floats: 
cavity is ouite* shut off for some time from aU thelneiehbourihg spaC!BS,;but aft6te^^^ 
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the dfeappearanoe of the.,bucco-pharyi^eal and cloacal membranes it communicates, 
bpth anteriorly and posteriorly, with the aEinentary canal of the embryo. ^ 

The development of tbp amnion in higher mammals is closely associated with 
the attachment of the ovum to the uterine wall and with the subsequent formation 
of the placenta. 

Before the coelcftn is formed, the ectoderm in the chorionic area becomes attached 
to the uterine tissues by small villous outgrowths which iftvade the uterine mucous 
membrane. This attach- 
ment ft most complete in ^ 
the placental region, that 
is, around the margins of ^ 
the amniotic area. As ul 
the embryo is folded off 
from the blastoderm and 

the coelom develops, bpth i p 

the embryo and the am- 
niotic area remain quite 
free from the uterine 
Jiissues, indeed, it may be 
said that, at this period, 
the embryo is suspended 
ftorn the margins of the 
placental area by the 
amniojtic membrane. 

As development pro- 
ceeds the amniotic area 
increases in extent by 
interstitial growth, and 
thereupon the embryo, the 
membrane which suspends 
it being relaxed, sinks 
more and more into the 
interior of the ovum, or, 
to be more precise, into 
the coelomic space, which, 
in the meantime, has con- 
siderably increased. At 
the same time the- growth 
of the placental area causes 
all parts of its inner 
margin to converge, and 
m the inner margins of 
the placental area are con- 
tinuous with the 
margins of the amniotic 
merii^rane, the amnion is 
gradually carried' over the 
ioireat surface of the emr 



Fig. 36.— Traxsvbrbe Sections of thk Uterus and Dbvkuopino 
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Shoeing the formation and closure of the anmion fol^s, the completion of 
the anmipu, and the coinculeut ingrowth of the inner mai^hs of the 
placental area of the blastoderm. 
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of description it is usual to divide the amniofe fold into fo\ir parts, the cephalic, the 
cau(Jal, and the two lateral amnion folds; these, however, are all continuous with 
one another. • 

The inner part of the fold, which is formed from the amniotic area,^is termed 
the true amnion, and tlie outer part, formed from the cliorionic area, the false 
amnion. The latter term is, however, synonymous with chorioh, and as it is mis- 
leading, it should be avoided. ^ 

As the amnion is formed from the amniotic area of the blastoderm after the 
extension of the cmlom, it must consist, as previously mentioned, of ectoderm and 
somatic mesoderm, and as the surface of the ^amniotic area is reversed during the 
formation of the amnion folds, it is obvious that in the fully-formed amnion the 
ectodermal layer is internal and the somatic mesoderm external. 

After the amiiion is completed its cavity is distended with fluid. As it expands 
it gradually obliterates the extra-embryonic part of the coelomic cavity, and finally 
its outer surface, of somatic mesoderm, comes into contact an^ fuses with th? somatic 
mesoderm on tlie inner surface of the chorion. At this period the cavities in the 
ovum are the amniotic cavity, the remains of the yolk-sac, and those portions of the 
original blastodermic and ccelomic spaces which have been included in the embryo. 

In the human ovum, when the amnion folds unite and the true amnion separates* 
from the cliorion, the embryo and its enclosing amnion would be free within the 
cavity of the chorion, or extra-embryoUic coelom, were it not that a very short cord 
of somatic mesoderm and ectoderm, tlie body-stalk, connects the posterior end of the 
embryo with the somatic inesoderm on the inner surface of the chorion. 

The Body-Stalk.— To thoroughly understand how this union is effected, in the 
human ovum, and to comiirehend the nature of the body-stalk, it is necessary to 
refer to some striking peculiarities wliich are to be observed in the earlier stages 
in the development of the human embiyo. When segmentation is completed, and 
the mortila is converted into a blastula by the appearance of a cavity in its interior, 
^J,he human ovum consists of an outer layer, the ectoderm, and an inner cell mass 
(Figs. 10 and ?7). The latter, however, which is attached to a small area of the 
ectoderm, does not, as in many mammals, extend itself by migration round the inner 
surface oi' that layer, and so transform the unilaminar into a bilaminar blastoderm ^nd 
convert the cavity of the blastula into the blastodermic cavity. The sequence of 
emits is different: a cavity or space appears in the inner cell mass itself (Figs. 
38, 39,au(l 41), and this expanding rapidly, is ultimately converted into the yolk-sac 
and the alimentary canal of the embryo ; it corresponds, therefore, with the blasto- 
dermic cavity of other mammals. ' 

Thus the entoderm, though derived from the inner cell-mass, never lines the 
inner surface of the ectoderm except in the embryonic area, for soon after the 
appearance of the cavity of the inner cell-mass the mesoderm grows rapidly from 
the primitive streak ^ and extends, not in a single layer, as in the majority of 
mammals, but' as two layers, one over the outer surface of the entoderm^ the 
splanchnic layer, and the other, the somatic layer, over the inner surface of the 
ectoderm. The cavity of the blastula^is thus ultimately enclosed between the 
somatic and splanchnic layers of the mesoderm, ;ind so becomes converted into the 
coelomic space (Fig. 39). y 

As t Ife mesoderm extends, the several areas of the blastoderm are differentiated 
as in other mammals, but the embryonic and amniotic areas remain of relatively 
small size. The separation of the amnion from the chorion is effected at a very 
’ early period, before the folding off* of the embryo has commenced, but the somatic 
mesoderm growing from the posterior end of the eihbryonio area still retains its 
connexion with the similar layer on the inner surface of the chorion, a^d it formfe^^ 
a short, and for a time a broad stalk which unites the embryo, and oohsequently ; 
, the amnion and the blastodermic cavity, with which the embryo is connected, ^to thje: 
chorion (Fig. 39). In addition to forming a bond of union between the embryo^^: 
and the chorion the mesodermal stalk conducts blood-vessels from the embryo 
th(j chorioiCand more especially to its pWentalcpart. Jr ^ . 

At an early jjeriod a pottch-like diverticulum projects frdfli the 
of the entodermal sac. This is the aUantoic* diyerttculiiun ; it liea^^b^ 
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posterior part of the eiubryonic area^and the area ls eurved upon itself so that its 
convekity looks toward^ the entodermal sac, and its concavity towards the amnion. 

After the embryonic area has increased in extent, and when tlie folding ftfl‘ of 
the embryo has commenced, the anterior end of the area and the postlrior end of 
the prihiitive streak remain relatively stationary as in oilier mammals, tlie ceplialic 
and caudal folds •appeal', and the curvature of the greater part of the area is 
reversed, but the most posterior part retains its original •position, lying for a time 
parallel with tRe caudal fold ; afterwards, however, it assumes a more horizontal 
position. This posterior section of the embryonic area contains the di\'^?rticular 
process of the entodermal sac wliicii is called the allantois ; it also contains the 
blood-vessels, allantoic arteries and veins, which pass between the embryo and the 
placenta. It is in relation at flrfet with the amnion,* it appears to he entirely 
behind the embryo, and it is called the body- stalk.’* At a later period, 
when the stalK of mesoderm — the allantoic stalk — which connects it with the 
inner suirface of the chorion is elongated, this part of the embiy pnic area is 
reversed in position, its anterior end is carried forwards till it forms the posterior 
l)ouiidary of the umbilical orifice, and it forms the ventral wall of the body from 
the umbilical to the genital region. 

The Allantois.— The allantois plays an important part in the formation of the 
placenta. It consists of two portions, an entodermic j^liverticulum from the ventral 
wall of the cloacal part of the hind-gut, and a mesodermal covering. The ento- 
derniic diverticulum appears in the human subject, before the hind-gut is defined, 
as a hollow blind protrusion from the blastodermic cavity; it extends •behind the 
primitive streak into the mesoderm of the bo<ly-stalk, but as the folding off of the 
embrj^o proceeds and tlie body-stalk is carried forward into the ventral wall of the 
embryo, the position of the diverticulum is altered, and ultimately, when the 
folding off is completed, it springs from the ventral part of the cloaca, runs forwaid 
to the umbilical orifice and passing through it, projects for a short disliince still 
•invested with the mesodermal covering primarily obtained from the body-stalk. 
The ventral part of the cloaca is afterwards converted into the bladder, while th8 
rectum is formed from the dorsal part. * 

The mesodermal sheath which surrounds the entodermic divcrticiijiiuji extends 
beyond it to the inner surface of the chorion ; the part which extends beyond the 
diverticulum is at first extremely short, indeed it is only recognisable as a layer /)f 
mesoderm uniting the body-stalk and cliorioii, but as development prdbeeds and 
the body-stalk is absorbed into the embryo it is elongated, and it forms the 
allantoic stalk by which the embryo retains its comiexipn with tht chorion, and 
along which pass.the allantoic or umbilical arteries to, ^id the corresponding yeins 
from, the chorionic villi. * * 


After the separation of the cloaca into bladder and reotvini^ that jportion of the 
allantois which lies in the body of the einbtyo, between the ape^ of the blatider 
<and the umbilical orifice, *is gradually converted into a fibrous cord, the iixacht^. 
The entodermal diverticulum disappears, and after birth, when the placental circu- 
lation e^ses, the iirnbilical arterie»^a^^ ti^sfomed into fine strancfe. ^ The. 

remainder of the aUantois which lies outride yhe body* of the embryo, and SvliicB 
takes part ih the forination of tlfe lunbilical cord and placenta, 
the embryo at birth.- ' •. '■ ; ■■■.•'. ' ' / a./'"’-: 

The. Umbilical Oord.r:HThe umbiUoal- eh0d ii; essentially^ a 
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intestinal (Ihct remains of v 
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together, and the whole is surrounded by the^expanding amnion. In this way the 
umbilical cord is formed. It includes tlierefore the allaiftoic stalk and its blood- 
vessfels, together with the remains of the yolk-sac and its stalk, tlie vitello-intestinal 
duct, all o^‘ which are invested and bound togethei* by the amnion. 

• The mesodermal core of the cord forms a hbro-mucoid tissue known as 
“Wharton's jolly,” which consists of stellate and irregular cells embedded in a 
gelatinous matrix. The* blood-vessels of the cord are situated in the core, and 
include two allantoic or umbilical arteries which run spirally ‘round a single 
umbilical vein. The terminal portion of tlie allantoic diverticulum projects into 
the embryonic end of the cord, and at first a joop of intestine protrudes into it for 
a sliort distance ; the gut, however, soon recedes into the abdominal cavity. 

Tlie uinlnlical cord, wlpch extends from the •umbilical orifice to the centre of the 
placenta, is at first short and straiglit. As the amnion expands the length of the 
umbilical cord increases until, at the time of birth it measures, on an average, 
about 20 inches. This increase in the length of the cord allows the fmtus to float 
freely in the amniotic fluid, and prevents traction on the plajcenta. ^ 

After the middle of the second montli the umbilical cord is twisted spirally, 
usually from right to left. It is suggested that this is due either to the great 
elongation of the -allantoic arteries or to muscular movements of the foetus, and it 
involves a rotation of the foetus in the amniotic fluid. ‘ 

The Chorion. — The chorionic area, by far the largest of the areas into which 
the blastoderm is divisible, lies external to the amniotic area. In most mammals 
it consists at first of ectoderm and entoderm, but after the extension and cleavage 
. of the mesoderm has taken place, it is formed by ectoderm and somatic mesoderm. 
In man, however, it consists in the earliest stages of ectoderm alone, but On the 
formation and extension of the mesoderm it also acquires an inner layer of somatic 
mesoderm. In all cases, therefore, it eventually consists of tlie same two layers. 

The ectoderm of the cliorioiiic area which immediately surrounds the amniotic 
area thickens to form the annular placental area, and in this way the chorionic area* 
‘becomes divisible into placental and non-placental regions. 

When the *l)lastodermic vesicle entei*s the uterus numerous ectodermal villous 
jirocessesi gix)w from tlie surface of the chorionic area, both in its placental and non- 
placental parts, and attach themselves to the uterine mucous membrane. 'As 
aj ready pointed out in the description of the formation of the amnion, the embryonic 
and amnfntic areas do not become attached to the uterus, but remain free from it, 
whilst by the approximation and fusion of its inner margins, the rapidly growing 
ring-like iilacental area is converted int() a disc which intervenes between tlie 
amnion and the uterine wall. ^ 

The chorionic areh after the separation of the amnion is known as the chorion 
or chorionic membrane. 

Tlie chorioir forms tlie outer wall of a vesicle, the chorionic vesicle, which is the 
modified remains of the blastodermic vesicle and whicli contains the embryo, tliQ, 
yolk-sac, the amnion, and the allantois. It consists of an outer layer of ectoderm, 
and an inner laj's^r qf somatic mesoderm. . ’ 

The cavity of the chorj/m is tlie extm-embryoiiic portion of the cceloni. For a 
time it remains distinct, and is traversed by thb allantoic stalk which vunites the 
embryo to fhe inner or mesodermal flayer of the placental area. The cavfty is 
ultimately obliterated by the growtli of the amnion, the latter sac expanding 
rapidly till its outer surface is in contact and intimately blended with the inner 
‘Surface of the chgrion.* « ^ 

The Chorionic Villi. — The villous processes wJiich begin to grow from- the 
surface of .the chorionic area before it is separated from the amnion, continue to 
develop after the separation of the two membranes is completed. They penetrate 
the surrounding uterine- tissues. At first each consists of ectoderm only^ but a ; 
V.ore of vascular mesoderm is soon acquired. The villi increase in size and in com- 
plexity also, but ultimately only those, in the placental area persist and coutiimei i 
to grow : tllto remafndeiv atrophy and disappear. .. 

Thus the plaqpntal region of the chorion evenlualiy^onstit^es the mam 1)0^4^ 
union between ttie ovum and the mother, and it forms tlie foetal part of the 
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pinner cell mass 
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the deeiduft. 

The ectoderm is distinct from tlie inner coll mass, but as there is no 
entodenrial cavity in the latter. 


The placenta is the organ of foetal nutrition and respiration. 

In it the blood-vessels of the foetus and those of the uterus are ln’ought into 
such close relationship witli one another that free iiiterclianges readily , take place 
between the blood of the i » 

mother and that of the , uucimuaed part ^ 

foetua In the simplest J “ 

form of a placenta the j siapoti 
foetal villi are merely em- 
bedded in the maternal 

foetal ajid maternal blood vii.,,. 

forms, e.g. the hmnan uecidu..__a^^"<-- rTT SfLinn-'r ceii ..,a«s 

placenta, the relation of * Idnacapsula . (Kntoderm) 

'w much more m'timate; cavity of 
spondingly moi’e complex. 

In all forms however the 37 -— Diao«am, showing tli« relation of tlie young human ovum to 
placenta consists ot fetal „„ , . , , . „ , , . . 

A The ectoilenn IS (listmet from the inner cell mass, Imt n,s yet^ there is no 

and material portions. eutodennal cavity in the latter. 

Before the imprci^nated 

ovum reaches the uterine cavity the mucous membrane of the u^rus undergoes 
certain changes in preparation for its reception and retention, and the modified 

raucous membrane is, 

known as the uterine 

unclumgca layer T Maternal vessel 

Stratum 8poiiBiosnm^^..- V-r-^-^ /.^ e .1^ • ^ 

Btrotnmoompaetunv^^^^|fflgg|^^^^''J‘t^|J^'‘ h^Crtrepllic ' ^tllC 

_the_ mucous 

regular, and torfiious, arid 

wih>lft thij.diJ&te both at theiir 
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. ; Wne; at>the iBi^ tiEfiil^ 

Peelfluf^. . . Hie 

^^^PIPF andaa%mtdt4^^^ 

Fig. 38.— PMOBAM, iJiowtog« farther etoige of 4eT^oi)men^ of the liJW8«i.tt tMok er^ ^t,^d 

ovum «ULd its l^latio^ to tb9 decidual ti88»Ss;^ ; T^ 

. or yolk-s^;'.ha8. >ppe%r^\'-hi' ■tke'ixiner/'.’celt'ini*^^ ;‘mUCOUS"i&^ 

has commenced to^ extend from tjie piimitive.;«|a!^k:4i;'^^ dftVSlApi^ 

•it, ^inqasR^"(3^te,S^fe;ffit8fc>.0R^:-^0?j®aSSi^^ 
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tlie fold itself is the decidua capsularis or r^exa; the part on whicli the'ovuin 
rests is the decidua basalis or serotina, and the rest is known as the decidua vent. 
Tlie decidua basalis lies in contact with the placental area of the chorion, i.e, the 

foetal part of the 

Amu ton 


• Unchanged laym- 

Strjituni Bpongiosuinv^ 

.Stratum compactuni 


noriaua uiisaiiH 


IMacental villus 


Mitterufil vessel 


Cavity ol' 
blastodorm 
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placenta, and" it foniis 
the* maternal" part of 
this organ. In the 
f 111 ly developed human 
placenta, the foetal and 
maternal tissues of 
which it is formed are 
so intimately mingled 
and blended together 
that it is impossible 
to say where one ends 
Und the other*^ begins. 
13y a careful study, 
however, of a series of 
placentfc of different 
ages a fairly clear and ‘ 
satisfactory idea of the 
part played by the 
maternal and fmtal 

39, — DtAGKAM, showing the comiilcUoti of the decidua capsularis, the elements respectively, 
enlargement of Ihe maternal blood-vessels in the stratum cornpactum of as WCll as of *■ their 
the decidua basalis, the increase of the placental villi, the toniiation ol p^fatioilS to each Other 
the amnion folds, and the appearance of the allantoic diverticulum. . may be obtained The 

structural cliaracters of the cjompleted organ will be best understood if the two, 
constituent parts are considered sejiarately. • 

The Foetal Part of the Placenta. — The villi of tlie placental jiortion of the 
chorion invafle and 
penetratcc the decidua 
'basalis, whilst the villi 
of. tlie non - placental 
chorionic ^ area enter 
capsu- 
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Unchanged layer 
.Stratum .spongiosum , 

.Stratum comiKictum 
riaci'iitid villus 

the decidua 
laris. * 

As previously ex- 
plained, in connexion 
with the foi;mation 
both of the anin^bn auc^ 
of the chorion, the an- 
nular placental area 
is c.onverted into 
circular* disc. It con- 
sists, like the rest of 
the chorien, of ecto- 
derm and Inesoderm, 
and it contains rami- 
fications of the allan- 
toic vessels; but the 
ectoderm i^s thickened 
and increased, its villi 
ijre larger than those 
of the non -placental 
region of the chorion, and it is directly connected with thq allantbio stalk; 

^ {The early villi .are merely ectodermal^ buds. Theydmpinge against the sitrf^e 
epithelium of the /lecidua, Which disappears befoi^ th^. They then pienettate the 
sub-epithelial tissues, destroying and replacing the utei'me elemental 


Docidiui veni, 


FlO. 40.- 


-Diagham, sl^owiug enlargement of the blbod sinuses in the maternal ; 
part of the ]daconta and the closure of the amnion. 


i to 
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at all early period penetrated by an outgipwtli of the subjacent mesoderm carrying 
branches of the allantoic vessels, and so it becomes vasculai*. For some time all 
the viUi, placental and ndii-placental, grow and absorb nutriment fioin iJie maternal 
tissues, probably utilising as food the tissues wdiich thej' destroy and replace ; but 
when the decidua* capsularis is thinned by the expansion of the growing ovum, the 
villi of the non-placental region which have penetrated, it are no longer able to 
obtain nutrient matter, and they consequently atrophy and disappear. The 
placqjital villi, on the contrary, continue to increase : tliey grow in size and becotue 
more complex, and, anastomosing togpther, enclose the dilated maternal blood-vessels. 
The walls of the 
latter disappear, 
and secondary 
branches growing 
from the total villi 
project into the 
enclosed spaces 
and float in mater- 
nal blood. ' Wlien 
' the formation of 
the placenta is 
completed, its total 
part* consists of 
villi, each of which 
possesses an ex- 
ternal covering of 
two layers of ecto- 
dermal cells and a 
vascular meso- 
dermal core ; the 
villus projects into 
the interior of a 
large blood space, 
which is sur- 
rounded, more or 
less completely, by 
fmtal ectoderm. 


Imuioii 
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^^ 10 . 41,— Diagwam, showing the foetul ectoderm surrounding the Aaterual hlooi 
8inuse.s, the comnieucement of Keoondury foetal villi which project into th 
sinuses, and the disappearance of the superficial portions of the glands. 


and it is bathed^ by iiiatemal blood from which it obtains the materials necotisar 
for the nutrition and growth of the embryo, and into whfch it transmits effete 
excretory matter from the embryo. j 

The Maternal Part of the Placenta and the Changes iic the Decidna.^ 
,The occurrence of further changes in the decidua, after the aeveloping ovum enters 
the uterus, i8 dependent upon the retention of the ovum in the uterine, cavity. 
These (Ranges, therefore, only occur in what may he apptopjnatel^ termM ' the 
decidua of pregnancy. They are intimately as8ociate(|, with and" essential to!^;M^ 
development of the maternal part of the placenta, antb a more detailed and com^le^ 
account of the decidua and of the modifications of*‘its difierent pairfe is therefore 
neceasary.^ : 

The (ieeidiia is forttied; by the inueons membrane of the uterus^ 
walled, mrtscuiar or^ti^ sitaa^ed in the caVitj of the jpelyi^^^^ 
contai,he nwerpuB tubhlap gldndfl emhedded 1^ '*i»^^ inteiglandtdat^t^ 
round end iHJegulab; :<«Ue; : :'Tim .n 
epitheliuhn and th^: open in the cayiiy the ihteruB 'on 

covered' t^.ApJhhmer 

s'appIied^'with'''hlcM)d^'ves8e^y^Idch;nnse':wj^-|^j$|^Mhe;ehrrhh^ 
and .it is trah8fiwmec|^,into'the 
;paxte. 'The 

^especiatty near the.siixh^ of thh hiit* thh ihoeit. st 

enhtr^Atid'^hinej:]' ‘ ' ‘ 
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then’ tei’miuations into lai’ge irregular, spaces (Fig. 37).» The increase of the 
inteiglandular tissue is most marked in the intervals between the dilated portions 
of the gland? and their apertures, and when all the changes are fully established it 

is possible to re- 

. neeid.m^H« cognise three layers 

•Fig. 42. — DiAcaiAM, sliowing 1‘urtlier growth of the placental sinuses and villi ; the that it is Olllyi a 
fusion of the decidua cap.sularis with the decidua vera, and the obliteration of of fWO 

.the uterine cavity. Superficial layers, 

and therefore it contains none of the deep ‘‘unchanged layer” of the decidua. 
Its central pcjrtion is formed by the stratum spongiosum folded upon itself, and 
its surfaces, external and internal, by the stratum compactiim ; glands open upon 
eacirsurface. . « * 

The changes which occur in the decidua capsularis are due, first, to its connexion 
with and invasiov by the chorionic villi ; and, secondly, to the pressure exerted upon 
it by the enlarging ovum. The former infiuence is biv)ught to bear whilst the 
decidua is still increasing ; the latter, after it has reached its full development. The* 
changes which r^.sult from its union with the chorion are the destruction and 
disappearance of 'th& epithelium on it^' inner surface and the destruction and 
absorption of some of the iftt^^rglandular tissue; they are due t6 the activity of the 
chorionic ectaderm which attacks and invades the uterine tissues. • 
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The ohanges due to the pressure exerted by the enlarging ovum are diminution 
of vascularity, disiippearance of the lumina of the non-dilated portions of the 
glands, removal of the tfpithelinm from the spaces of t^ie spongy layer, oo.mpression 
of the spaces into slits, which ultimately disappear, and the coincident atrophy of 
the foptal villi, which have penetrated this portion of the decidua. All these 
changes resllilt in the reduction of the decidua capsularis to a thin riiembrane in 
which no traces of the original structii¥e are recognisable, iifi the fusion of the 
altered decidua capsularis with the decidua vera, and in the consiequent obliteifetioii 
of the uterine cavity. . . . 

Aftei’ the fifth ' mouth, the decidua v^ra also undergoes atrophic changes, but 
the/ do not proceed so far as in the decidua capsularis-; nevertheless the stratum 
compactum is gie^tly reduced, the superficial epithelium and tne superficial 
of the glands entirely disappear from it, the iutei^l^dular^^^^^^^ becoifi^ lesB ^ ; 
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vascular, and it diminishes very considerp,bly in thickness. The epithelium dis- 
appears from the spaces in the spongy layer, and the spaces themselves are 
flattened out into long «lit-like clefts, in which condition tliey Remain till 
the period of pregnancy is completed. The decidua vera is thus reduced to the 
condition of a relatively thin membrane, and its inner sifrface is fused with 
the remains of the decidua capsularis. 

The Decidua Basalis. — Apart from the changes due to the invasion of the 
foetal^villi the most important transformations in this part of the decidua occur in 
the stratum compactum. The alteri|tions in the spongy layer are similar’ to those 
which occur in the same layer of the decidua yera, viz. the lining epithelium, dis- 
appears and the spaces are flattened out into a layer of cleft-like slits. 

In the stratum compactum, however, much more sti-iking changes occur; tlie 
superficial epithelium and the tubular portions of the glands disappear, but tlie 
blood-vessels become greatly dilated, and, consecpiently, the layer increases consider- 
ably in "thickness. Tke terminal loops of the small blood-vessels which lie in the 
superficial part become converted into enonnous blood-sinuses, but in the deeper 
part of the stratum a thin layer, which lies next the stratum spongiosum, remain" 
relatively imchanged; this deeper part is called the basal layer, and through i 
'the blood-vessels^ pass to and from the blood-sinuses in the more superficia 
portion of the membrane. When it is completed, thefefore, the maternal portion o 
the placenta, which is the transformed decidua basalis, no longer consists of th< 
straUim compactum, the stratum spongiosum, and the unchanged layer, but it i 
fOi'med from within outwards of — (1) a layer of blood-sinuses, (2) the basal layer, (3 
the nK)ditied spongy layer, and (4) tlie unchanged layer. The difference between tin 
decidua basalis and the maternal part of the placenta may be tabulated as follows 

Decidua basalis. Maternal placenta. 

tj. . . f Layer of blood-sinuses. 

.stratum copipactum . . . ( B^,,nayer. 

Stratum spongiosum . . Modifiod stratum spongiosum. 

Unchanged layer . . . . Unchanged laytr. 

• It must not be forgotten, however, that whilst the changes wliich resftlt in tly 
formation of the maternal placenta oitt of the decidua serotina are taking place th( 
strattim compactum has been invaded by the placental villi. , * 

The first result of this invasion is the destruction of the superficial epitheliun 
of the decidua, which entirely disappeais vjherever the ectoderm of |he foetal vill 
comes in contact with it. Afterwards the ectoderm of, the villi, always in advanct 
of the main bod/, reaches and surrounds the dilated ^^idual vessels, destroys* tin 
intervening tissues, and ultimately replaces the -endothelial walls of the vessels 
which by this time have dilated into enormous spaces, Into spaces tin 

ramifications of the villi project, and, as the endothelial wails are* destroyed, the) 
lie directly within the cavities of the spaces, and are surrounded on all sides, bj 
maternal blood. The most peculiar feature of this part of thp placente, wlier 
fully de'^eloped, is that the whole of the iSatenml portion of •it.’exee^ the blc©d 
has been removed iftnd replace^O'by fpetiil ti8Sites, so,tnat, although the materna! 
Vdooid continues to cbreulate in ' the ^me spaces which it has bccu|iii^ from th< 
first^vizithe blood-sinuses in the siiperficial pert of the stratum coniBpiiChiU of^^t^^ 
maternai 'decidua, yet the^; of these spaces have been replaced rUore 
completely by fc^l eetodeitij, and, con^uetttly,fthe sjpe«^a«ow Ue in the Un^ti oi 
the'fm^l'tiAue8."'':v'''- ■ "■ ' . .-'v-v'':;'' 

The iUyasipnrdf the lUateimai’ by'ihe part 
as the ba^ luyeu andv^ this 
the .walWef , ■theiSnafeS^#ood-yes«!^3^llK» 

coinpftctinUaesmpkB'^deifafUitiibnirg^^^fiM 
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facial and maternal tissues, through wjiich both the f(]9tal and niateniai blood 
streams circulate. It is well adapted on account of its peculiarities of structure to 
fulfil the nVitriti\'e and respiratory requirements of the embryo. The foetal blood- 
stream, which 

flows through the 

“ ^ placental villi and 

the maternal 
blood -stream in 
tlie placental 
sinuses are only 
separated from 
each other by two 
layers of fmtal 
ectodermal epi- 
thelium «and a 
small amount of 
fcctal mesoderm, 
the latter being 
practically re-« 
duced to the single 
layer of endo- 
thelial cells yvliicli 
form the walls of 
the hetal v/issels. 
Through these 
layers, by osmosis, 
and possibly by se- 
cretion, materials, 
are passed l)oth 
, , from mother to 

sulnrls and decidua embiyo aild troill 

embryo tomotber, 
the placenta serv- 
ing not only for 
purposes of nutri- 
tion and respira- 
tion but also as an 

43. — DrAGUAM. Later* slagc ili the develojnnent of the placenta, showing tlie 

relations of the fcetal villi to the placental .sinuses, the fiLsioii of the amnion WJlllSt tlie pla- 
w'itli the inner# siirface of the chorion, and the thiiiuiiig of the fused deciduai ceuta is attaining 
(capsularis and Yera). , , develop- 

ment the amnion is expanding, and finally its outer surface fuses with the inner 
surface of the cjiorion, consetpieiitly, the innermost portion of the placenta is 
provided with a cbvAiug of amnion. ♦ 

The full-time placenta *is, a discoid mass aboufe20 to 25 inil^es (50 to 60 cm.) in 
circumference and IJ in thickness at its centre; it. is much thinner, howrver,. 
at its nmrghis, wdiere it is continu<jus with the membranes formed by the fused 
chorion, decidua vera, and decidua capsularis. Its weight is about one pound, and 
it consists from Avithimoutwards of the following layers: — ♦ 
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when the peiiod oli in tmuteriiie^ life ^is couipleted the muscnlav walls of the 
uterus contract and the lower orihee of the uterine cavity is dilated, the fused 
chorion and amnion, whiali close the upper part of the orifice, ruptifre and the 
amniotic. fluid escapes, the fcetus is then expelled, but it remains attached to the 
placenta by the umbilical cord. The cord is divided artificially, and after a sliort 
period tlie placenta and meml.)ranes are expelled. Tlie membranes attached to the 
placenta consist of the fused amnion, chorion, decidua* capsularis, and also the 
decidua vera internal to tlie altered s})ongy layer; therefore both the placenta and 
the ntembranes consist of materna^ and fcctal tissues. Before the placCnta and 
membranes are expelled the uterine decidua is separated into two parts by a 
cleavage which takes place in the nu^difled stratum spongiosum. The inner portion 
which includes the placenta and membranes is cast off. The outer portion remains 
in the uterus; it consists almost entirely of the deep unchanged layer of the 
decidua, and from it the uterine mucous membrane is reconstructetl. 

• • 

THE PRIMITIVE VASCULAR SYSTEM AND THE F(ETAL 

CIRCULATION. 

It has already been said that the ovum during its passage down tlie Fallopian 
tube lives either on its own yolk particles or upon spubstaiices absorbed from the 
fluids by which it is surrounded. For a time after it enters the uterus its nutrition 
iiiust, be provided for in a similar manner, but as soon as the chorionic ^’illi are 
formed it is probable tliat the ectodermal cells, of which in the earliest stages they 
entir^y consist, and which cover their surfaces in the later stages, actually eat u]) 
the decidual tissues which they invade and use them for food. This sounjc of 
nutrition, however, is only sufficient for the short period during vliich the ovum 
remains relatively small and substances alisorbed through the surface cells can be 
readily transmitted to all its parts. * 

In addition to t!ie solid decidual tissues devoured by the ectodermal cells it i»i 
evident that fluids from the mother are also absorbed, for the yolk-iiac and ccelom 
enlarge and are filled with fluid. The only sources from which these can have been 
doa;ived are the uterine glands or the blood and lymph vessels of the deciAua. 

In all probability the fluids absorbed into the ovum contain nutritive material, 
and so long as tlie embryo is constituted by the thin layers of the early Iglastodertn 
sufficient food material can easily be absorbed. Wlien, Ijow’ever, the various parts 
of the embryo increase in thickness and b^ome moulded into the foi^n of organs 
they are no longer in such intimate relation with the ^^irrounding nutritive fluids, 
whilst, further, aS their development progresses they' require* a greater amoinit of 
food and oxygen than they can obtain from these fluids. There is, therefore, mi 
imperative necessity for a further supply of nutritive material^ by which their 
requirements may be satisfied, or development must cease aifd death ensue. 

* To meet this necessity the vascular system is formed. It is essentially an 

irrigation systeiii consisting of a propulsive organs the heart, .and of tubidar; 

vessels/ Uhe blood-yetols, all of which coiilfain blood. The liesitt jiropels the 

through the bloocDi^s^liels to all parts of the embryo, bjil^ the blood which is a| first 

forni^d from -the ovum must, at.teast so far as its fluid part;^ 

concerned, be .suppleffiehted largely frbm mateiiimisouices. It is hecqss&yy^^^^t^^^^ 

fore,1;hat the f(BtaI blaod-yessels be broug^^^ 

blbod*vossgl8 at!an eai^ period: It is for /this: pqr^e, 

large blood^fluses are formed in the: mateim^jai^pbrtio^ 

they are inVaded by -they fmtal 

branches y 

vessels mithe^ceirta Are Qidy se]^^ 
by. thidr 

pass 
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Obviously, however, a system of vessels Ailed with fluid would be of little use 
ill tfee general economy unless there were some means by which the fluid could be 
kept in coi\^tant movement. In the first instance this is accomifiished by rhythmical 
contractions of the vessel walls, but in a short time portions of the two primitive 
stem- vessels which appear in the embryo are modified into a single propulsive 
organ, the heart, which^ forces the fluid, or blood, in a definite direction both 
through the body of the* embryo, along the body-stalk or umbilical cord, accord- 
ing to the age of the embryo, and through the vessels in the placental villi. 

We have now to consider how the blood- vessels and blood are formed. 

Where, or how, the first blood-vessels appear in the human subject is not 

definitely known, but in 
other mammals they are 
first seen outside the body 
of the embryo in the wall 
of tie yolk-sac. The outer 
layer of the wall of the yolk- 
sac consists of splanchnic 
mesoderm, and in that part 
of this layer which lieff 
nearest the primitive ali- 
mentaiy canal a large 
number of the cella pro- 
liferate rapidly and, fusing 
together, form multi- 
nucleated masses of ^ro- 
toplasm,the **blood islands" 
of Pander. 

Soop after their appear-^ 
ance the blood islands 
anastomose together by 
means of nucleated pro- 
cesses which they throw 
out on all sides, and thus 
a niicleated protoplasmic 
reticulum is formed in the 
substance of the splanojinic 
mesoderm. The region in 
which this occurs is known 
as the vascular area. The 
solid nucleated reticulum 
soon converted into a 
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Fm. 44 . — Develoi^mknt Blood-Vessels in the Vasculau Ahea of 

THE Rat. 


T. Kiitoderiii .'iiul splaiiclinic niesoderni. 


•IS 


II. rroliferatioii« of cells of mesoderm and Ibrmatioii of “blood 
islands.” * • 

III. Commencing ditterentiation of islands to form blood-vessels and of aiiastomosillg 

IV. CoSetM y«Ss:. caiials, the primitive blood- 

Bc niood-corpnscies. BV.2 Bioori-vesfeis. vessels, by the appearance 

:bi Biood-isiauiis. ' ‘ withih it of numerous 

BV| Blood -isJ^inds ljeing trails- _ • VaCUOleS which SOOU* fuSe 

formed into blood-vessels. M Mesoderm. , i -i . . 

.. . • together, whilst at th^ same 

time the nucleated protoplasm is transtorineci into cells. The cells which lie nearest 
.the interior separate frem each other and form the pii^iitive blood-corpuscles, whilst 
those situated externally remain connected by their margins and form tUe endothelial 
walls of tlie embryonic vessels. The fluid wliicli fills these first-fonned vessels in 
the vascular area is probably derived either from the coelom or from th^ yolk-sac. 

The primitive blood-corpuscles are nucleated cells of a reddish colour ; white or 
•Ciolourless blood-corpuscles appear later and those first formed are devdoped te the 
thymus gland. „ V 

Nucleated red -corpuscles persist ai^ increase in nuniber till the end^^ 
second month of intrauterine life; they are then gradually replaped by non-naicl^te A 
red corpuscles. • The majority of the nucleated red corpuscles disappejat loiijg beforb 
birth, but a few can usually be found in. the bloqd of the 
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some doubt about their ultimate fate, 'but jit is generally believed that their nuclei 
<lisappear, and that they are converted into non-nucleated coi'puscles. • 

Directly after the appeai’ance of the blood islands in the vascular Area of the 
yolk-saCj ^and just as the folding off of the embryo commences, two sliort tubuL^i* 
vessels appear in the splanchnic layer of the pericardial mesoderm. Tliese vessels 
at once extend forwards and outwards into the extra-embryonic region where they 
become connected with the vessels of the vascular area ; th*ey also extend backwards 
in the^body of the embryo beneath the protovertebral somites. In the majority of 
mammals they at first terminate beljind, as in front, on the Avail of tlie yolk-Scac, 
but after a time the main stems appear to be continued along the allantoic stalk 
to the placenta, and to give off branches to the yolk-sac. It is probalde that in the 
human embryo also, though this has not apparently been actually observed, these 
main stem vessels, the primitive aortie, end at first on tlie wall of tlie yolk-sac, but 


on the fourteenth day of intrautei’ine life, before the heart is formed, the two 
primitive stem-vessels*pass backwards along the body-stalk to the chorion^ their 
terminal branches entering the chorionic villi. As they pass backwards tlie 
jiriraitive aortfe give off branches to the wall of the yolk-sac. Thus, at this period 

the vascular system of the human embryo consists _ 

t)f two longitudinabvessels which run parallel with 
each other, one on each side of the iniddle line, 
throughout the whole length of the embryo. They 
cominj^inicate anteriorly with the vessels on the 
yolk-sac, and terminate posteriorly in the chorion. 

When. the circulation coimnences the blood flows 
from the anterior part of the vascular area into 
the anterior ends of the primitive aoi'tse, and 
passes backwards through the embryo. Some of 
it is returned to the '^ascular area by the brandies 
which are given off* to the walls of the yolk-sac ; 
but the greater part is carried to the chorion, 
whence it returns by venous channels, the allantoic 
veins, which have been developed in the mean- 
time, to the anterior ends of the primitive aortae. 

As the cephalic and caudal folds are developed 
the anterior and posterior parts of the primitive 
aorte are carried into the ventral wall of the 
body of the embryo, and thus each primitive 
vessel is divisible •into three parts : (1) a dorsal ^ m 
part, the primitive dorsal aorta, which extends Embeyo. 

from the dorsal end of the mandibular arch to 
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the eloaca, and runs beneath the protovertebral somites ; (^) air anterior ventral 
part, situated in the dorsal wall of the: pericardium and extending from the 
umbilicus* to the ventral end of the mandibular arch; and (3) a posterior yentral 
part, w,hi8h at first, riiiis in the ventral Wall at the side of the*cloaca, anjd then 
turns Wkwarfs ihi^tlte body T stalk to the placenta,. But afterwards, when thd: 
posterior part’;' of the ventrjfl wall ; of ' the body is coinpleted, it extends forwards 
fronpL the pelvic region to the liinhilical'/or^cej through: which it passiSs* to tbe: 
umbificalpOri..; ; \ 

The thi^ s^ridns are uni^ te^ether by two arches— ^te^nterior arch, the fitet ; 
cephalks abi^ archy which and a postcripifs 

archy the caudal arch, winch heS at:;the ai^e:bf^ : 

In a bhoit tatee, four additional i^ihte^hnbatichS'e^ 

four^a*^ 
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the aorta, the iiiaiii vessels of the he^d ait^i neck, the pulmonaiy artery and its 
primary hraiiclies, the eoniinon and internal iliac arteries, and the hypogastric arteries. 

The blVod distributed Ijy the various arteries is retiwned to the heart by vessels 
called veins; which are developed in the substance of the mesoderm in. the same 
manner as the arteries. From the yolk-sac the blood returns by the vitelline 
veins ; from the alimentary canal and its appendages, through the portal and hepatic 
A^eins ; from the head an(i neck, by the jugular veins and the superior vena cava; 
and from the body and lower limbs, first l)y the cardinal axmiis, and afterwards by 
the inferior A^ena caA\a and the azygos A'eins. 

The heart is formed by the fusion of portions of the anterior A^entral sections of 
the primitive aortte l)ehind the origins of the cephalic aortic arches, and, therefore, 
it is ])rimitively a Inlateral organ. Subse(|uently it possesses for a time a single 
cliamber, but liiis is afterwards divided. During the greater part of fmtal life tlie 
heart, as in the adult, possesses four chambers — two auricles or upper chambers 
and two A'entricles or lower chambers, right and left. Tlie two aurides com- 

ninnip.a.tp with t.hp corvpftuoiwlino* vcntTiclpa thrmuTh a.nricnlo-A^onti’icnlar aiici’tnves. 

7th pair of Vertel>ral 
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and Avitli eacn atlier through a foramen, the foramen ovale, in the septum between 
them. • • •’ ^ 

In the adult the blood enters the right auricle by the superior and inferior 
A^ente cavfe g.nd tjie covonaiy sinus; from the right auricle it passes into^the right 
A^entritde, by Avhich it is jDropelled thrdligh the pulmonary arteries and lungs ; re- 
turning to the heart by tlie pulmonary veins it |;^sses into the left auricle, and then 
into the left* ventricle, liy the contraction of Avhich it . is forced into the sy^emic 
aorta. •From the aorta, by various branches, it traverses the organs and tissjies of 
the body, and is returned again to the right auricle. 

. The course of the •fcxetal circulation differs from r that of the adult j the blood 
passes out of the* body into tlie placenta, to be oxygenated and purified, the diings 
of the Imtus remaining functionless until the time of birth. Very little of the 
blood Avhlch is ejected from the right ventricle at e\wy contractson of that; 
chamber reaches the lungs ; the greater part is transferred Tfroin the pulr^onary / 
*fertery to the aorta by an anastomosing channel, tlie ductuS" artenostis, which 
disappears after the pulmonary cirwlation is established. , > - ' 

^Diiring^ the later iponths of foetal Vie, blood eiiters the the 

superior and inferior Aren^ caA^te. and through thfe cordiiary sin^is ; by the 
small amount ^lily Avhich is returning from the Av^lfe of the heart. TJtie .blood ; 
poured into the right auricle by the superior yena cava is i^tunled frbm^^^ 
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neck, upper extremities, and the thoiacic walls; passing from the auricle by the 
right Auriculo- ventricular opening it entei's the right ventricle; from the right 
ventricle it is forced into the pulmonary artery, and a small part of it trj^ verses the 
lunge and returns to the left auricle by the pulmonary veins ; the main part, how- 
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inferior vena cava. ‘ The mixed blood from ( the inferior vena cava passes through 
the right auricle, traverses the foramen ovale in the interauricular septum, and 
enters the left auricle ; from the left auricle it is transferred to the left ventricle 
through tne left auriculo- ventricular opening, and the 'left ventricle ejects it into 
the aorta. From the first part of the aorta some of the blood passes into the 
vessels which supply the head and neck and upper extremities, the remainder 
mixes with the blood conveyed to the aorta by the ductus arteriosus, and the 
blood, thus further mixed, is in part distributed to the walls of the thorax and 
abdomen and to the lower extremities, and in part passes to the placenta. • 

Before birth, therefore, there is no pure tirterial or fully oxygenated blood in 
the arteries of tlie foetus. The blood entering the heart by the superior vena cava 
is venous blood from tlie head, neck, upper extremities, and thorax ; that entering 
by the inferior vena cava is mixed blood, consisting of venous blood from the lower 
part of the body and the lower extremities, and arterial blood from the placenta. 
The two streams do not mix in the right auricle, but the mixed or morg arterial 
stream passes directly through the right into the left aurible, thence into the left 
ventricle, and from the left ventricle into the aorta or main systemic vessel, which 
conveys it to all parts of the body. The diflerent parts of the body do not, however, 
I'eceive e(pially oxygenated blood, for the venous stream which enters the righj; 
auri(5le by tlie superior vena c;ava, passes through that cavity into the right ve;ntricle ; 
by the right ventricle it is forced into the pulmonary artery, from which some small 
part passes into the lungs, and so back to the left auricle by the pulmonary veins, 
but by far ‘the greater part is carried by the ductus arteriosus to the aorta, which it 
enters beyond the origins of the vessels which supply the head, neck, and upper 
extremities ; therefore the blood in the lower part of the aorta, which is distributed 
to the abdomen, lower limbs, and idacenta, is much more mixed or impure (less 
oxygenated) than that which is distributed to the head, neck, and upper extremities 
from thfi upper part of the aorta. 


AM 


SUMMAEY OF THE EXTERNAL FEATURES OF THE HUMAN 

EMBlk'O AT DIFFERENT PERIODS OF DEVELOPMENT. 

* 

The first week. — The plieuomena of fertilisation and segmentaftion have not tieen 
observed in the human ovum, but there is no reason to believe that they differ in any 
essential iWvspect from those met witli in the ova of other mammals. Fertilisation probably 
occurs ill the upper part of the Fallopian tube, and segmentation is completed in the 
lower part tlie same canal by the eighth or tenth day, when, presumably, the ovum 
becomes a morula, and jiasscs, cither as such or as a blastiila, into the cavity of the 
utenis. » » * 

The second week. — At the twelfth day the ovum is embedded in the uterine wall ; 

it is a , lenticular vesicle, 
AM , which measures 5-5 mm. 

of an inch) in length anti 
3*3 mm. (|- of 4.11 inch) in 
breadth. Its Kpjier and 
lower surfaces are smooth 
and convex, the latter 
being somewhat hatter 
than the former, and it is. 
surrounded equatprially 
by a broad band of villi, 

A. Human embryo at 'the end of the 12th day of development ; B. ^t the some of wlifch are slightly 
end of the 13th day of development ; C. At the end of the 14th day of branched. The wall of 
development. (After Hw.) the vesicle 'aijd the villous 

AM. Amnion:; AS. Allantoic stalk ; BS. Body-stalk ; CV. Chorionic villi on 

a segment of the chorion; E. Embryo; H. Heafl of embryo ; PR. Peri- P^^®S8es wniCll prpjepr 
cardial region ; SS. >Stoiuatodieal tlepression ; YS. Yolk sac. from it consist Of „ CCtp-. 

dermal cells, and in the 

embryonic area, wincli is clearly maY"itea on the upper surface, there ; is an inner layer 
of grantilar^micleated corpuscles. * 

By the end of J:he twelfth or the beginning of the ttirteeuth 'day^^^^ 

bnsi f.r» ft niim . f-1- nn/1 rviiiri 1. ivinK\ 





Fig. 48. 
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area is no longer on the surface of the o^m, for the amnion folds have closed. The yolk 
sac is formed, and the rudfment of the allani^ic duct projects backwards from its upper 
and posterior part. Mesoderm has formed, and it has extended round the Yolk Ba0 and 
over the inner surface of the chorion. The embryonic area, with the yolk-sac and the 
amnion, are enclosed within the blastoderm, but they remain attached to the inner surface 
of the chorion by a relatively thick stalk of ectodermal and mesodermal tissue, the body- 
stalk, w'hich is subsequently replaced by the umbilicixl cord. The outer surface of the 
ovum, which no vis consists entirely of chorion, is covered witli small villi into some of 
which mesodermal cores are projecting. 

Obviously the ovum of the latter part of the twelfth day difters considerably from 
that of the earlier part of the same da}^, but the transitional stages which intervene 
between the two have not yet been pbserved. Probably, however, the inner granular 
layer of cells in the embryonic area, which represent the entoderm, increase and form a 
solid mass in which a cavity soon appears. Directly after the formation of the cavity in 
the entoderm the primitive streak appears, and the mesoderm, growing from it rapidly, 
covers the entodernial sac and spreads over the inner surface of the chorionic area. At 
the same\ime the amiiioftic folds form and separate from the chorion, but this separation is 
not effected till the mesoderm, extending backwards from the posterior end of the embiyonic 
area, has reached and becomes connected with the inner surface of the chorion. Consequently, 
when the apahiotic folds fuse together and separate from the remainder of the blastoderm, 
the embryonic area, with the yolk-sac and amnion, still remain attached to the inner 
surface of the chorion. * 

During the thirteenth day the embryonic area is elevated, the cephalic and caudal 
folds are developed, and the pericardial region becomes prominent between the head 
ex^tremity of the embryo and the upper and anterior part of the yolk-sac. The neural 
groove^and the neural folds appear ; the posterior ends of the folds emlmice the anterior 
extremity of the primitive streak on which the primitive groove is formed. At tlie 
anterior end of the primitive groove a neurenteric canal appears, forming a communication 
between the neural groove and the posterior end of the primitive alimentary canal. 

On the fourteenth day the embryo is more distinctly separated from the yoll#-sac ; the 
liead increases considerably in size, and its anterior part is bent downwards. 1' he posterior 
part of the neural canal is completed, except at the extreme end, by the meeting and fusion^ 
of the neural folds, but it is still open anteriorly, where ti’aces of the cerebral vesicles are 
present. The two halves of the heart fuse together; the single tube thus .formed is 
sligtitly bent upon itself, and its outline is visible from the exterior. The pericardial 
region increases in’ size, and a distinct stomatodscal space appears- between it and the 
anterior part of the head. The outlines of fourteen protovertebral somites ar^ visible on 
the outer surface of the bod,y. 



: Hiftnan embiyo tlie 2lst day, of dayalopiaeat ; : 23rd imj V4 y I74.W|/U»V:a V j > 

■ /■F.;;Afc tlie*27tVday .pf deVeldpmo!i^;\^-.<^^ - ' 

AS. AUaatoio st^lk; ; BS. Bpdy-staik y. yBll Qh aieginent of tkA^ioHon 
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By the end of the third week Wolffian ridg^js appear below the ventral ends of the 
protovertebral somites; they are most xnarked in the thoracic and pelvic regions, where 





G 11 

*’ Fig. 50. 


G. Human embryo at llio *29tli day of development ; H. At tlie 32nd day of development. (After His.) .. 

EE. Riidiineni? of ear ; HY. Eye ; FL. Fore-limb ; HA. Hyoid arch ; HL. Hind-limb ; MA. MandibulVir arch ; 
MB. Mid-brain ; MP. Maxillary process ; OP. Olfactory pit ; JPR. Pericardial region ; UC. Umbilical 

bud-like projections form the rudimeuts of the limbs. Four visceral clefts are visible, and 
there is a distinct tail. 

The fourth week. — The embryo is curved upon itself, and its outline is almost 



Fi(i. 51. 1 -Human Fustus at thk sixth wekk Fig. 52. — Human Fostus 8IX *1oid a 

OF Dbvkloi’Mbnt. (After His.) * half weeks old. (After His.) . 

J>. Digits ; BE. Kudiment of ear ; FL. Fore-limb ; HL. Hind-limb ; JtP. Maxillary process ; N. Nose ; ‘ 

yjC. Umbilical cord. 

circular. Mie visceral ai*ches begin to overVp eaclimthei^ The rudimeuts of th^ extdrns^ 
ear are just visi^l^ as small nodules. The limb rudiments are flatj'bvai buds. 

The fifth week. — The curvature is diminished^ and: the tod and ^^ n^^ 
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half the embryo. Tl^e eyip is recognisaUle externally. The nose begins to grow forwards, 
but it: is still broad and fiat, and the nostrils are widely apart. The nodular elements of 
the external ear fuse together. The segments of the limbs are defined, but#he digits do 
not project beyond the ends of the limb-buds. The genital tubercle, the rudiment of the 
external generative organs, is formed. . 

The sixth week. — During the sixth week the increase in size is less rapid than in 
previous stages, but the embryo begins to assume a more distinctly human form. The 
head remains reffcitively large and it is bent at right angles to the body. The neck is 
better^ defined and appears as a constricted region between the hehd and trunk. The 
maxillary processes fuse with the latent nasal processes, and the lips and eyelids begin to 
assume tlieir characteristic form. The outer parts of all the visceral clefts except the 
hyo-mandibular disappear. The external ear acquires its adult form. The rotation of 
the limbs commences, and the fingers reach the extremity of the hand; the tail is 
beginning to disappear as an external projection. 

The seventh week. — The flexure of the liead upon the body is reduced. The nose 
projects ^more than in Jblic preceding stage, and the chin appears. The toes reach tlio 
margins of the feet, and the projecting portion of the tail is still further reduced in 
length. 

The eig^hth week. — The flexure of the head disappears. The forehead piojeots. 
The nose harrows and becomes more prominent, but the anterior nasal orifices are still 
directed forwards. The upper lip is completed 
by the fusion of the globular processes. The 
thumb is widely separated from the fingers, and 
the hand assumes a distinctly human appearance. 

The tail is reduced to a small nodule, and the 
umbilical cord is attached to the lower part of 
the abdominal wall. At the end of the second 
mouth the total length of the foetus, excluding 
the legs, is 28 mm. (1^ in.). 

, The third mo^th. — The head grows less 
rapidly and, though it is still large, it is rela- 
tively smaller in proportion to the whole body. 

The eyelids close, and their margins fuse to- 
gether. The neck increases in length. The 
various parts of the’ limbs assume their 
definite proportions, and nails appear on the 
fingers and toes. The proctodmum is formed and 
the external generative organs are differentiated, 
so that the sex can be distinguished on external 
examination. The skin is a rosy colour, thin 
and delicate, but more consistent than in the 
preceding stages. By the' end of the third 
month the total length of the footus, excluding 
the legs, is 7 efii. {2 f in.)j including the legs, 

VlO cm. (3|-4 in.), and it \^eighs from lOQ-125 
grammes oz.). 

The fourtn month.— In the fourth montt 
the skin becomes firmer, and fin^ hairs are 
devejpped. The disproportion between the 
fore and hind limbs . disappears. If ■ the foetus 
is bdriiv, at this pe^^ it may live for hv few 
hours. Its total iehgt^ from vertex to heels 
is 16-20 6ih>^(6|-8; 

12-13 cmi (4|^6f in.i;:.a^ wagbs:;fiomn23^: 

2.60 grathi^B :(8frS^:dZi).-.^ ^ 

sebacebus--met^r.^p®^^'bh;:tl^;Siufj^‘.bfc3^ 

;(8 ■ ^ jy rr tyy! 
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total length of the fostus, from vertex to heels, Is from 30-32 icm. ^12-12| in.),: and its 
average weight is about one kilogramme (2yibs.). 

The sex'Cnth month. — The skin is still a dirty red qplour but it is lighter than 
in the previous mouth. The body is more plump on account of a greater depc^it of sub- 
ciitaneous fat. The eyelids reopen, and the foetus is capable of living if born at this 
period. Its total length at the end of the month, measured from vertex to heels, is 35-36 
cni. (14-14-1 in.), and its weight is about one and a half kilogrammes (3^ lbs.) 

The eighth month. — The skin is completely covered with sebaceobs deposit which 
is thickest on the hekd and in the axillse and groins, and its colour changes to a bright 
flesh tint. The umbilicus is further from the pubL, but it is not yet at the centre of the 
body. The total length of the foetus, from vertex to heels, is 40 cm. (16 in.), and its weight 
varies from 2 to 2^ kilogrammes lbs.) 

The ninth month. — The hair begins to disappear from the body but it remains 
long and abundant on the head. The skin becomes paler, the plumpness increases, and 
the umbilicus reaches the centre of the body. At the end of the ninth month, when the 
foetus is born, it measures about 50 cm. from vertex to heels (20 in.), and it weighs from 
3-3^ kilogrammes (6-fg-7^ lbs.) 

The age of a foetus may be estimated approximately by Hasse’s mle — ^viz. : Up to the 
fifth montli the length in centimeters, the lower limbs being included, equals the square ot 
the age in months, and after the fifth month the length in centimeters equals the age multiplied 
by five. 
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THE SKELETON. 

By Ahthub Thomson. 

*Tiik term skeleton (from the Greek, or-K«Xcros, dried) ^ applied to the parts which 
remain after the softer tissues of the body have been disintegrated or removed, 
and includes not only the bones, but also the cartilages and ligaments which bind 
them* together. In the restricted sense of the word the skeleton denotes the 
osseous framework of tlie body. ■ It is in this sense that it is generally employed in 
humah anatomy. 

The skeleton serves to support the softer structures which are grouped around 
it, and also affords protection to many of the delicate organs which are lodged 
within its cavities. By the articulation of its several parts, its seginents«are con- 
•verted into levers which constitute the passive portion of the locomotory system, 
liecent research has also proved that certain cells found in bone-marrow are* 
intimately associated with the development and production of * some of the 
corpuscles of the blood. ' • 

^Bone may be regarded as white fibrous tissue which, having become calcified, 
has undergone suleequent changes, so as to lie converted into true osseous tissue. 
Most probably all bone is of membranous origin, but it may pass through a stage 
in which cartilage plays an important part in, its development. In many instances 
the cartilage persists, and is not converted into bone, as iii the case o^the articular 
cartilage which clothes the joint surfaces, the nasal se'^tum, the cartilages of* the 
nose, and the cartilages of the ribs. A persistence of the inembranous oonditien 
is met with in man in the case of .the tentorium cerebelli, which ii^ some groups 
of animals (Carnivora) is converted into a bony partition. , 

• Skeletal structures may be derived from each of the three layers of the 

tiilaminar blastoderm. The exo-skeleton includes structures of ectodennal, and 

some of mesodermal origin in the shape of hair, nails, feathers, teetiK, sesfies, armour- 

plates, eto.i whilst the endo-skeleton, with which we are njore particularly conbemed, 

is largely derived frmh the mesofilastio tissue, but aldb includes the fl.otoehord, a®; 

entoflermal structure which foms the primil^Ve endc-skeleton, around wljHch ; the 

axial*skeleto|L is subsequently developed hi the; 

divisible into ah aidal pdrMdn, apper&nihg : to the; trunk aM^ 

dicular part^assobiuted with the limbs;' It also hioludes; tire sidan^hic 

which compipes certain bdnies deyeieped itt the subSten 

such as the ,os 'eoidi8 . ahd hs 

cartilagin^h framev^ theKhmdiiafe i^hd jht^^ 

system* ' 

Owii^'tp a'i^0esehf'hisipd^tei®i^ph^^^pgqg:|OTi^^^ 
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The table represents the number of bones distinct and 'separable during adult; 
life 


Axial skeleton 


Appendicular skeleton 
The ossicles of the car 


Bones are often classified according to tlieir shape. Thus long bones, that 
is to say, bones of elongated cylindrical form, are more or •less characteflstic of 
tlie limbs. Broad or flat bones are plate-like, and serve as protective coverings to 
the structures they overlie ; the bones of the cranial vault display this particular 
r form. Other bones, such as the carpus and tarsus, are termed short bones ; whilst 
the bones of the cranial base, the face, and the vertebrte, are frequently referred to ' 
as irregular bones. 

Various descriptive terms are ai)plied to the prominences commonly met with 
on a bone,- such qb tuberosity, eminence, protuberance, process, tubercle, spine, 

• ridge, crest, and line. These may be articular in their nature, or may serve as 
points or lines of muscular and ligamentous attachment. The surface of the' bone 
may be excavated into pits, depressions, fosste, cavities, furrows, grooves, and 
notclies. These may be articular or non-articular, the latter serving for the recep- 
tion of organs, tendons, ligaments, vessels, and nerves. In some instances the 
substance of the bone is hollowed out to form an air spaces sinus, or antrum. * 
Bones are traversed by foramina and canals ; these may be for the entrance and exit 
of nutrient vesSels, or for the transmission of vessels and nerves from one region to 
another. , A cleft, hiatus, or fissure serves the same purpose. Channels of this kind 
‘are usually placed in the line of a suture, or correspond to the line of fusion of tSie 
primitive portions of the bone which they pierce. 

Composition of Bone. — Bone is composed of a combination of organic and 
inorganic substances in about the proportion of one to two. 


The vertebral column 

Single Bones. 
26 

Pairs. 

Total 

• 26 

The skull 

6 

*8 

- 22 

The sternum 

1 

. . . 

1 

The ribs . 

. ... 

12 

24 

The hyoid bone, . 

1 

. . . 

1 

The upper limbs . ^ 

. 

32 

64 

The lower limbs . 

. ... 

31 

62 

* * * « 

. 

3 

6 


34 

86 

206 


( ‘ 
Organic matter (Fat Collagen) . 
Mineral matter — « 

Calcic phosphate . 

^ (jJalcic carbonate . 

Calcic fluoride 
' Magnesic phosphate 
Sodic chloride 

c 


31-04 


, 

68-231 


7-32 

, 

. . 1-41 


1-32 

. 

-69 


68-97 


100-00 


( 


The animal matter may be removed by boiling or charring. According tot tlie 
completeness with which the fibrous ’elements have been withdrawn, so the brittle- 
ness of the bone increases. When subjected to high temperatures the esorthy’ 
•matter alone rempiins.* By soaking a bone in acid the salts may be dissolved put^ 
leaving only the organic part. The shape of the bone is still retained, though it 
has now become soft, and can be bent about in any direction. 

Bone liaay be examined either in the fresh or dry condition. In «the former 
state it retains all its .oiganic parts, which include the fibrous tissue in and around 
it, the blood-vessels and their contents, together with the cellular elements found 
within the substance of the bone itself, and the nmrrow which occupies the lacunar ^ 
spaBes and “marrow cavity; In the dried or macerat^ bone moSt of th^- hayd :^ 
disappeared, though a consideraltle portion of the Crganic; matter still ^mains; ^ 
even in bones *of great antiquitj- and in a more dr" 1^ fossil condition 
sidering its natm-e and the aihouni^ of maj;orial employed, bone jpdssca^ a/resnark'; 
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able strength, equal to^ea,rly twice •that of oak, whilst it is capable of resisting a 
great crushing strain; it is stated that a* cubic inch of bone will support a ^eight 
of over two tons. Its qjasticity is remarkable, and is of the greateiit service in 
enabling it to withstand the shocks to which it is so frequently subjected. In 
r^ions where wood is scarce the natives use the ribs of lai^ mammals as a sub- 
stitute in' the construction of their bows. Its hardness and density vary in different 
parts of the sjjeleton, and its permanency and durability exceed that of any other 
tissue of the body, except the enamel and dentine of the teeth. The osseous remains 
of a face over eighty centuries old now being excavated in Egypt. 

Structure of Bone. — ^The structure of the bone varies with the form of the 
bone examined. If a long bone bq studied in section, the shaft or diajthysis will be 
seen to be hollow, displaying a cavity of elongated shape, which contains the soft 
cellular marrow. Around this, the bone is deposited in spicules so as to fonn s 
loose osseoris meshwork, which becomes denser as it reaches the circumference, anc 
gradually merges witji the compact layer which forms the outer investing envelope 
The extremities of the bone, usually developed from separate or secondary centres 
called epiphyses, are composed of cancellous tissue, usually finer in the gfain anc 
not, as a rule, displaying any medullary ca'vity. Here the confining shell of bone 
, is thin, ahd displays none of the stoutness which is so characteristic of the outei 
layers in the shaft. In the recent condition the extremities are cartilage-coverec 
where they enter into the formation of joints. In flat bones the osseous tissue ie 
'disposed in two compact layers, with a layer of softer cancellous bone, here called 
the diploe, sandwiched in between. There is no medullary cavity, although in certain 
regiqps the substance of the diploe may be absorbed, thus forming air-spaces or air- 
sinuses. 


True bone differs from calcified cartilage or membrane in tint it not merely 
consists of the deposition of earthy salts within its matrix, but displays a definite 
arrangement of its organic and inoj^anic parts. Dense bone merely differs from 
loose or cancellous *bone in the compactness of its tissue, the characteristic fcaturt 
of which is the arrangement of the osseous lamellae to form what are called 
Haversian systems. These consist of a central or Haversian canal which contains 


tl^e vessels of the bone. Around this the osseous lamellse are an-^ged con- 
centrically, separated here and there by interspaces called lacuns, in which the 
bone corpuscles are lodged. Passing from these lacunae are many fipjs channels 
called canaliculi. These are disposed radially to the Haversian canal, and pass 
through the osseous lamellae. They are occupied by the slender processes of tilt 
bone corpuscles. Each Haversian system: insists of ^rdni three to ^n concentric 
rings of osseoim lamellae. ” , , 

In addition to the lamellae of the Haversian systems there are others which art 
termed the interstitial lamella; these occupy the intervals between adjoining 
Haversian systems, and consist of Haversian systems which have undei^one a procesE 
*of partial absorption. Towards the surface of the bone, and subjacent to the peri- 
osteal membrane which Burieunds the shaft, there are lamellce/irranged cireupi- 
ferentially ; these are sometimes , referred to as the outer ^fttrfdamAtal . Iwa o l l a 
The periosteal membrane wh^ jurrounds the bone, 'and which plays so importahf 
a part in ife development, sends iti processes through-tiie various Hayeriiian systems 
which cm^^ vessels and cells, thus forming an organic 

around which tiie eartby riiltB ate deporited. ■ V ■' 

The injerior of yis, the mariotr cavity, aud thft interspaces withiff 

cancellous ^sUe, as welt as |ome of the largef Haverrian: c^als/^ 
the Bwriesr pf medidla pf iihe bdne. ^ ^ 
differentjhphw; vfh tiie m^j^ary' eavity^^hf thetS 
mainly |ab eeUs;^t<%etiier\vrith3i; 
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corpuscles of the blood of the embryo. It iii these cells (giythroblasts) which are 
concerned in the formation of the coloured corpuscles o-f the blood. Marrow which 
displays thtse characteristic appearances is distinguished from the yellow variety 
already described by being called the red marrow. In the diploe of the cranial 
bones of aged individuals the marrow, which lias undergone degenerative changes, 
is sometimes referred to as the gelatinous marrow. 

Apart from the adaptfation of form rendered necessary by the use to which the 
bone is put, external inlluences are seen to react upon the intimate structure of 
tlie bone itself. Tims, if sections of different bones be made, the arrangement of 
tlieir cancellous and dense tissue is seen to ‘vary. In long bones the walls of 
the shaft are thick and strong, more particularly towards the concave side, if the 
shaft happens to bo bent. The marrow cavity — largest towards the centre-— 
gradually tapers towards the extremities, being encroached upon by the surround- 
ing cancellous tissue, which is disposed in lines converging towards the extremities 
like the sides of a vaulted arch, thereby forming platforms on which the epiphyses 
are siipported. The surfaces of these platforms are not smooth, but so arranged 
as best to withstand the strain to which the epiphyses are habitually subjected. 
Such provision is necessary in order to obviate the tendency to separation, which 
would otherwise occur prior to the complete osseous union of the diaphysis with, 
the epiphyses. In the epiphysis itself the arrangement of the fibres of the 
cancellous tissue is determined by the disposition of the articular surfaces. The 
osseous lanielLe, as a rule, are disposed at right angles to the planes of the articulai* 
facets, whilst they Sre bound together by other lairiell£e arranged conformably* with 
‘ these articular planes. The former corresi)ond to the direction of greatest pressure, 
whilst the latter agree with the lines of greatest tension. In cases where there is 
an outstanding process projecting from the shaft, as, for example, the head and 
nook of the femur, a section of the bone displays a bracket-like arrangement of the 
osseous fibres of the cancellous tissue, which assists materially in strengthening the ^ 
Jjone. 

Ossification and Growth of Bones. — For an account of the earlier development 
of the skeleton the reader is referred to pp. 28 and 45. Concerning the subsequent 
, changes Which take place, these are dependent on the conversion of the solerafio- 
gcnous tissue into membrane and cartilage. A characteristic of this tissue is that 
it'Coiitain^ elements which become formed into bone-producing cells, called osteo- 
blasts. Tfiese are met with in the connective tissue from which the membrane 
bones are formed, whilst they also ap|)ear in the deeper layers of the investing 
tissue of the bartilage (perichondrium), and so lead to its conversion into the bone- 
prod'uciiig layer or peyioste\iin. All true bone, therefore, may probably bo regarded 
as of membranous origin, though its appearance is preceded in some instances by 
the deposition, of cartilage ; in this case calcification of the cartilage is an essential 
stage in the process of bone formation, but the ultimate iCon version into true bone, 
with characteristic Haversian systems, leads to the absorption and disappearance of 
this i)rimitive cajeified cartilage. 

Membrane b'onbs are such as hare developed from fibrous tissue*, without 
having passed through a e>artilaginous stage. Of this nature are the bones of the 
cranial vault « and the majority of the bones of the face, viz. the superior ma^filhe, 
malars, pasajs, lachrymals, and palate bones, as well as the vomer. The internal 
pterygoid plate is also of membranous origin. 

Cartilage bones ai;e those which are preformed in cartilage, and include most 
of the bones of the skeleton. Their growth is often described as enaoehondral 
and ectochondral, the former term implying the deposition of membrane bone in 
the centre of the cartilage, while the latter signifies a deposit of membfg.ne bone on 
the surface of the cartilage, the ostoogenetic layer on the surface of the cairtilage 
•being called the perichondrium till once bone has bbqn formed, when it is balled 
the periosteum. 

In the course of the development of a bone from membrane, as, for example, 
tho^'parietal bone, the fibrous tissue corresponding to iifche position of the priin^ 
centre becomes osteogenetic, because here appear the bone-foiining ceUs 
which rapidly surround themselves with a bony^ dep^it more or lesS ' spidid^ 
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arran^ment. As gro^j/ih goes on tl^se osteoblasts become embedded in the ossify- 
ing matrix, and remain as rthe corpnscleS of the future bone, the spaces in which 
they are lodged correspon^ng to the lacunte and canaliculi of the fully-dev^oped 
osseous tissue. From the primary centre ossification spreads eccentrically towards 
the margins of the bone, where ultimately the sutures are formed. Here 
the growth rendered necessary by the expansion of the cranium takes place 
through the agpncy of an intervening layer of vascular connective tissue rich in 
ost^blasts ; but in course of time the activity of this is reduced until only a thin 
layer ‘of intermediate tissue porsii^ta along the line of the sutuio, which may 
eventually become absorbed, leading to the obliteration of the suture by the osseous 
union of the contiguous bones. WJiilst the expansion of the bone in all directions 
is thus provided for, its increase in thickness is determined by the activity of the 
underlying and overlying strata. These form the periosteum, and furnish tho 
lamellae which constitute the inner and outer compact osseous layers. 

In cartilage bong, changes of a similar nature occur. The cartilage, which may 
be r^arded histologically as white fibrous tissue + chondro-sulphuric acid *and a 
certain amount of lime salts, undergoes the followmg changes : — First, the cartilage 
cells being arranged in rows, become enlarged; secondly, tho matrix between the 
cartilage cells becomes calcified, by the deposition of an additional amount of lime 
salts; thirdly, the rows of cells become confluent; and fourthly, into the spaces so 
formed extend the blood-vessels derived from the vascular layer of the periosteum. 
Accompanying these vessels are osteoblasts and osteoclasts, the forme? building up 
tnje \)one at the expense of the calcified cartilage, the latter causing an absorption of 
the i^pwly-formed bone, and leading to its conversion into a marrow cavity, so that' 
in due course all the cartilage or its products disappear. At the same time that this 


is taking place within the cartilage, the perichondrium is undergoing conversion into 
the periosteum, an investing membrane, the deeper stratum of which, highly vascular, 
furnishes a layer of osteoblast cells which serve to develop the circumferential 
lamellae' of the bone. It is by the accrescence of these layers externally, and theiu 
absorption internally throxigh the action of the osteoclast cells, that growth takes 
place transversely. A transverse section of the shaft of a long bone shows this 
vQjfy clearly. Centrally there is the marrow cavity, formed primarily by the, 
absorjition of the calcified cartilage; around this the cancellous tissue produced 
by the partial erosion of the primary periosteal bone is disposed, whilst externally 
there is the dense envelope made up of the more recent periosteal growth. 

Such a description, whilst explaining the growth of bone circumferentially, fails 
to account for its growth in length: hence the necesgity in long bftnes for some 
arrangement whereby ossification may take place at oliq or bath extremities of the 
shaft. This zone of growth is situated where the ossified shaft becomes continuous 
with the cartilaginous epiphysis. In addition, within these epig^ysial cartilages 
calcification of the cartilage takes place centrally, just as in the diaphysis. The two 
"parts of the bone, viz. the diaphysis and epiphysis, are thus separated by a layer of 
cartilage, as yet uncaloified, but extremely active in growth-owing jc the invasion of 
vessels ahd cells from a vascular zone whiohwurroundg the epipHysifi. 3^e nucleus of 
the epiphysis becomes oonveited^iato true bone, whi^'groWs eocetttrioally. This 
aiTSiigement provides for the: growth of the shaft towards the epiphysis, and the 
growm of the epiphysis towards the shaft ; so4hat as Ibdg as tbe active ifitipfyehuig 
kyer of carfils^ persists extension of growth ih a lon^thdinal diiaeriOh is possi^ 
Subseqheijtlyihb^evbl^iat variable peri^: the inteiymdugkyer of carti 
calcified, Mdtrne bony g£pw|hbccn^^^^ 
iMon between the im^^ anttlapipBysia ^" ^7^ 
groivth in |:ion^todiSiaiidiieoti6b, ceases 
the formation 

or diaphysis 







72 OSTEOLOGY. 

which enter the surface of the shaft and efiiphysis; bii^ in addition there is a 
larger trunk which enters the diaphysis and reaches the medullary cavity. This is 
callefi the lutrient artery of the bone. The direction tal^en by this vessel varies in 
difierent bones. In the upper limb the artery runs downwards in the case of the 
humerus, and upwards in the radius and ulna; in the lower limb the nutrient 
vessel of the femur is directed towards the upper extremity of the shaft, whilst 
in the tibia and fibula it follows a downward course. It is difficult to account for 
tliis difference in the arrangement of the vessels ; but it has been pointed out that 
when all the joints are flexed, as in the position occupied by the foetus in •utero, 
the direction taken by the vessels is tlie same, and corresponds to a line passing 
from the head towards the tail-end of the enjbryo. Consequently, in the upper 
limb the vessels flow towards the elbow, whilst in the lower limb they pass from 
the knee. 

The attention of anatomists has long been directed to the elucidation of the laws 
which regulate bone-growth. Our present knowledge of the pbject may b^ briefly 
summarised in the following generalisations : — 

1. In bones with a shaft and two epiphyses, the epiphysis towards which the 
nutrient artery is directed is the first to unite with the shaft. 

2. In bones with a shaft and two eiDiphyses, as a rule the epiphysis which com- 
mences to ossify latest unites isoonest with the shaft. (The fibula is a notable ex- 
ception to this rule. See p. 231.) 

3. In bones with a shaft and one epiphysis the nutrient artery is directed 
towards thfe end of the bone which has no epiphysis. (This arrangement bolds 
'good in the case of the clavicle, the metacarpus, metatarsus, and phalanges.) , 

4. When an epiphysis is ossified from more than one centre, coalescence takes 
place between the separate ossilic nuclei before the epiphysis unites with the shaft. 

Highly suggestive, too, are the following propositions — That ossification first 
commencGs in the epiphysis which ultimately acquires the largest relative propor- 
J^^ion to the rest of the bone, and that the ossification of the epiphysis is also 
correlated witlv its functional importance. In cases of long bones with only one 
epiphysis, the epiphysis is placed at the end of the bone whore there is most 
^movement*. 

The veins which permeate the cancellous texture of the bone are large and thin- 
walled. ^Jfhey do not accompany the arteries, and, as a rule, in long bones they 
escape through large openings near the articular surface. In flat bones they occupy 
cliannels within the diploe, and drain into an adjacent sinus, or form comnuinica- 
tions with thd superficial veins of the scalp. 

The lymphatics ar^ maiply periosteal, but enter the bone along with the vessels 
and become perivascular. 

The nervea which accompany the arteries are probably destined for the supply 
of the coats of Jbhese ?''essels. Whether they end in thef.bony tissue or not is un- 
known. ' ' 

THE VEKTEBEAL COLUMN. 

® , V 

The vertebral column (columna vertebralis) of man consists of thirty-tjiree 
segment^ or vertebrae, placed one on tlu3 top of the other. In the adult, certain of these 
vertebrje have become fused together in the process of growth to form bpne4, thp 
segmental arrangement of which is somewhat obscured, though even in their fully^ 
developed conditien sufficient evidence remains to demonstrate their bompouhd 
nature. The vertebim so blended are termed the flxed or false vertebras, whilst 
those between which the osseous union has not taken place are desbribed as the 
movable^or true vertebras. This fusion pf the vertebral segmrents is met with^a^^ 
either extremity of the vertebral column, more particulady below^ where the ccAi^n 
is modified to adapt it for union with the girdle of the lower limb, aud alsa^^^^^^ 
the regioivof man's degenerated cdVtdal appendage. But a partial union df ; the 
vertfebral segments aWo takes place aboVe, between ;the two highest vert^im, ^^^^^ 
association with tlie mechanism necessary to provide fon the^ mpvemeh 
head on the column. 
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Eor* descriptive purpc^es, the vertdbrai coliinin is subdivided according to the 
regioris through which it passes. Thus Ihe vertebras are described as cer^cal 
(vertebrae cervicales), dorsgl or thoracic (vertebra thoracales), lumbar ^(vertebrae 
lumbales), sacral (vertebriB sacrales), and coccygeal (vertebrae caudales), according 
as they lie in the regions of the neck, back, loins, pelvis, and tail. The number of 
vertebrae met with in these regions is fairly constant, though, as will be hereafter 
pointed out, varig.tions may occur in the number of the ifleml)ers of the dififerent 
series. The vertebrae in man are thus apportioned — 7 cervical, 12 dorsal, 5 lumbar, 
5 sacrad, and 4 or 6 coccygeal ; the tJiree former groups comprise the true or mov- 
able vertebrae, the two latter the false or fixed vertebrae. The vertebral formula 
may be thus expressed : — , 


Movable or True Vertebrae. 

Cervical. Dorsal. Lumbar. 

i 12 , 5 


Fixed or False Vertebrae. 


Sacral. 

5 


Coccygeal. 

4 


= 33 


Donil-fticet 
for 1)011(1 

of rib Body 


Facot for. 
tuborclo of rib 



Denil-facot for 
hojul of rib 


SpinouB procoBB 


(As viewed from the riglit side.) 


Spinous 


The vertebra of which the column is bviilt up, though displaying great diversity of 
characters in the regions above enumerated, yet preserve certain features in 
qpmmon. All possess a solid part, sniwrior 

centrum or body (corpus vertehrm) ; artioniaritrocoBB rndioi. 

all have articular processes by which 
they are joined to their fellows; 
most liave muscular processes de- 
veloped in connexion with them; 
whilst the majority display a verte- 
bral or spinal foramen (foramen verte- 
brale) formed by the union of a bony 
arch (arcus vertobraj) with the body, 
these common characters may best 
be studied by selecting for descrip- 
tion an intermediate member of the 
series. For this purpose one of the 
middle or lower thoracic vertebrte 
may be chosen. 

A typical vertebra may be de- 

> scribed as consisting of a body or 
centrum (corpus vertebrae) composed 
of a mass of spongy bone, more or 
less cylindrical in form. The size 
and shape of the body is liable to 
considerable variation according to 
the vertebra examined. The upper 
and lower, surfaces of the body are 
very slightlyseconcave from before 
backwards and from side to sid^, 
due tp the . thiefeeniog- of , the bone 
around itshmrgiha Inthereoentcbh-^ 
ditioh' these stuiac*® afford 
ment - for tbo w 

which arc life® pads betw^n 

the bodies: of movable 

of the T 

the body,;fo^i^; aa^it ^ 
compwit:? bo^ 
iisnaliy '.'^giijiyjisaS^^ 

behiiiiit 

forafiiePi’ 

vnrtinal 





Facet for 
tuborclo of 

Superior aVMular, 
proceoB 

Demi'fiiiet for 
heed of rib 
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passage of nutrient vessels, more particulaky , behind, w^ere a depression of con- 
siderable size receives the openings bf the canals through which some of the 
veins esci;.pe. Connected with the body posteriorly there is a bony arch (arcus 
vertebroe) which, by its union with the body, encloses a foramen of variable 
size, the spinal or vertebral foramen (foramen vertebrale). When the vertebrm 
are placed on the top of each other these foramina form with the uniting' 
ligaments a continuous v;anal — spinal or neural canal — in which the spinal cord with 
its coverings is lodged. The arch, which is formed by the union of the pedicles and 
lamin®, besides enclosing the spinal foramen, also supports a certain nuhiber of 
processes ; of these, some are outstanding, ana may be regarded as a series of levers 
to which muscles are attached, whilst others are articular and assist in uniting the 
different vertebrae together by means of a series of movable joints. The pedicles 
are the bars of bone which pass from the back of the body of the vertebra3 on either 
side to the points where the articular processes are united to the arch. The pedicles 
are compressed laterally, and have rounded superior and mferior bordefs. Since 
the Vertical breadtli of the pedicles is not as great as the t'hickness of the body to 
which they are attached, it follows that when the vertebrae are placed one above 
the other a series of intervals is left between the pedicles of the different vertebra?. 
These spaces, enclosed in front by the bodies of the vertcbroB and their intev- 
vertebral discs, and behind® by the coaptation of the articular processes, form a 
series of holes communicating with the neural or spinal canal; these are called the 
intervertebral foramina (foramina intervertebralia), and allow of the transmission *of 
spinal neVves and vessels. As eacli intervertebral foramen is bounded above and 
below by a pedicle, the grooved surfaces in correspondence with the upper and 
lower borders of the pedicles are called the upper and lower intervertebral grooves 
or notches (incisura vertebralis superior et inferior). Posteriorly, the two pedicles 
are united by two somewhat flattened plates of bone — the laminae, which converge 
towards the middle line, and become fused with the root of the projecting spinoup 
process (processus spinosus). The breadth of the laminre and Iheir sloping arrange- 
ment are supli, that when the vertebne are articulated together they leave little 
space between them, thus enclosing fairly completely the neural canal, of which 
they fortn the posterior wall. The edges and inner surfaces of the lamina?^, are 
rough for the attachment of the ligaments which bind them together. 

‘ The puscular processes are three in number, viz. two transverse processes — one 
on either side — and one central or median, the spinous process. The former 
(processus trans versus) project outwards on either side from the arch at the point • 
where the pbdicle joins the lamina. The latter (processus spinosus) extends back- 
wards in the middle liiiQ from the point of fusion of the laiirinte. The spinous 
processes display much variety of length and form. 

The artiaular processes (zygapophyses), four in number, are arranged in pairs — 
one superior, t/ie other inferior ; the former are placed on the upper surface of the 
arch where the pedicles and lamina? join, the latter below the arch in correspondende 
with the superior. AVliilst diflering much in the direction of their articular 
surfaces, tlie upj[jer‘have generally a backward tendency, whilst the^loWer incline 
forwards. 


THE TRUE dfe MOVABLE VERTEBRA. ' 
r The Cervical Vertebra. 

«• 

The cervical vertebrae (vertebne cervicales), sfeven in number, can be readily 
distinguished from all the other vertebrae by the fact that their totyasverse pro- 
cesses are pierced by a foramen. The l^wo highest, and the lowest, require special ; 
description ; the remaining, four conform to a common^type. 

Their bodies, the smallest of all the true vertebrae, are oblong in dia,pei;the - 
tranavergg diameter being much ld!ftger*than the antero-posterior width. T^e uppa* ;: 
suVface, which slopes-froip, behind forwards and.dowhward8, is ebnbave fre^ side to : 
side, owing to marked projection of its lateral mai^i^'. Its anten^ lip'^ 
rounded olf, whilst its ppstorior edge is sharply defined. ; 
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TJjie’ inferior sarf^^j is mpre’or less 8a4dle-shaped, is directed downwards 
and backwards. It is convex from side to Side, and concave from before backwards, 
with a slight roimding off of the projecting anterior lip. The vertical diameter of 
the body is small in proportion to its width. The anterior surface is flat in tho 
middle line, but furrowed laterally. The posterior surface, whioli is rough and’ 
pierced by many small foramina, it flat from side to side and above downwards ; it 
forms in its entire extent the anterior wall of the’ spinal foramen. The lateral 
aspects of the body, particularly in their upper parts, are fused with the costal 
parts df the transverse processes, an^ form, the inner wall of the vertcbrartei’ial 
foramen (foramen transversarium). 

The -pedicles which spring from the posterior half of the lateral aspects of tlie 
body, about equi-distant from their* upper and lower margins, are directed hori- 
zontally backwards and outwards. The superior and inferior notches are nearly 
equal in depth. 

The i jTninia are long, and about as wide as the body of the bone is thick. 

The spinal fbramen is larger than in tho thoracic and lumbar rt^ions ; its dliape 
is triangular, or more nearly , semi-lunar. 

The 'transverse processes, so called, are pierced by the vertebrarterial foramen 



(foramen transversarium). They consist of two parts — the part behind the foramen, 
which springs from the neural arch and is the true transverse process, and the 
part in front, which is homologous with the fibs in the j;horacio part of the column. 
These two processes, united externally by a bridge of boqe, whjph thus converts the 
interval between them into a foramen, terminate in two tubercles, known respec- 
tively as the anterior and posterior tubercles. The general direction of these pro- 
cesses is outwards, slightly •forwards, and a little downwards, the anterior tubercles 
P^ng internal to the posterior. The two tubercles are separated above by a groove 
directed outwards, doirawards, and forwards ; along this the spiqal nerve trunk 
passes. The vertebrarterial foramen (foramen transversarium), flftdh subdivided'by 
a spicule of bdu©, is traversed by |he vertebral artery and vein in the upper ^ 
vertejjrae. . spinous prdceSse^^^^ directed aowriwards, are^short, com- 

pressed yeHw^Uyy and bifid. The axticular proeesses are supported Ott.c;^iindrical 
massdlkpf ; bode fused With the arch where^^ 

cy iindftp » ftp aliped ayay: obIi<i(nely above and below, so superior articular 

facets, mOie Jfbfe less i ousjiilar' in foim; are direoted upwards andL Iwckwankii 
the cortespobding inferior iwrMWtee^arec^t^^ fOTwards. : : y ? S ; S 

■ -dr:: Afljt8.:^-^This ,;bdndvmay^'be' ■■leddEy ^ 

by the abElnee; of • Hidyb^y ;'and ' sfiaette.^rcibe^siVlt • 

whi<di- 
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articular surface displays indications of divi&ou into tWo^ parts. These facets ai^ 
for the reception of the condyles of the occipital bone. 

The inferior articul^ facets are placed on the u, rider surfaces of the lateral 

masses. Of circular fo^^^^^ 

^ that their ^surfaces 

^ processes of the second oer- 

aspects of the lateral masses, 

is a curved bar of bone, the 
Fia. 67.— The Atlas from Above. anterior arch (arcus au- 


Fio. 67.— The Atlas from Above. 

1. Po.sterior arch. 6. Surface for articulal 

2. Transverse process. process. 


3. Tubercle for transverse 

ligament. 

4. Anterior Urch. * 

5. Anterior tubercle. 


6. Surface for artlcrilation with odontoid terior) ; COmpreSSed on 

7. Superior articular proceae. Oithei sido, this is thick- 

8. Foramen for vertebral artery, Clied centrally SO aS tO foim 

9 . Groove for vertebral artery. 01]^, its anterior aspect the 

10. Posterior tubercle. rounded anterior tubercle 


(tuberculum anterius). In correspondence with this on the posterior surface of 
this arch is a circular facet (fovea dentis) for articulation with the odontoid 
process of the second cervical vertebra (axis). 

The inner surface of the lateral mass is rough and irregular, displaying a littje 
tubercle for the attaclmient of the transverse ligament which passes across the space 
included boty^^een the two lateral masses and the anterior arch, thus holding the 
odontoid process of the axis in position. Behind each tubercle there is usually a 
deep pit, opening into the bottom of which are the canals for the nutrient ves^ls. 

External to the lateral mass, and principally from its upper half, the transverse 
process prises by two roots which include between them the vertebrarterial 
foramen. The transverse process is long, obliquely compressed, and down-turned ; 
the anterior and posterior tubercles are no longer distinguishable, as they have fused* 
to form one'inass. 


‘ The posterior ar^h arises in part from the posterior surface of the lateral mass, 
and in part from the posterior root of the transverse process. Compressed from 
above downwards anteriorly, where it bounds a groove which curves around the 
posterior aspect of the superior articular process and is also continuous externally with 
the vertebrarterial foramen, the posterior arch becomes thicker mesially, where At 
displays posteriprly a rough irregular projection — the posterior tubercle (tuberculum 
posteriiis),' the Yeeble representative of the spinous process. A promifient little 
tubercle, arising from the^posterior extremity of^the superior articular process, over- 
hangs the gTOOve above mentioned, and not infrequently becomes developed# so as 
to fori^. h bridge of bone across it, converting the groove into a catial through which 
the vertebral artery and the first cervical or suboccipital nerve pass— a condition, 
normally met with jn many animals. It is noteworthy that the grooves along 
which the two ‘•highest spinal nerves pass lie behind the articukr processes, in 
place of ill front, as in other parts of the column. V - . 

The png formed by the lateral masses and the anterior and posterior a.rehes is f 
of irregular outline. The anterior part, cut off from the 3i3st by the transverse ; 
^ ligament, serves for the lodgment of the odontoid prdpess of the axis ; th€^ larg^r^ ; 
part behind corresponds to the up^^er part of the neural or spinal cahal. ; 

t Variations. — The vertebrarierial forainertis often deficie^pit in fiont Impepfect o^ 
occasionally leads to the anterior and posterior arches bein^ihcoihpfeite. The jsiupfepijfr ^ 
surfaces are oceasionally partiahy or completely divided anterior aikd ptetw^P P9^ 

In some instances the extremity of the transverse process >3tl^^8 t'^Q t\l)berelte• ^ Th9^^^1^^ 
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procesfi may, in rare cases, aiticulate 'witli a projecting process (poroccipital) from tlie under 
surface of tbe jugular process of the occipital bone (see p. 109). An iipwaixi extension from, the 
median part of the anterior arch, due probably to an ossification of the anterior occiplto-atlantal 
ligament, may articulate with the anterior surface of the summit of the odontoid process of 
the axis. Allen has noticed the articulation of the superior bolder of the posterior arch Avitli 
the posterior border of the foramen magnum. Cases of partial^ or complete fusion of the atlas 
with the occipital bone are not uncommon (see p. 109). 

• 

Second Oervlcal Vertebra, Axis, or Epistropheus. — ^This is charactei'ised by 
the presence of the tooth-like odontoid process (dens) which projects upwards from 
the superior surface of the body. Sightly constricted where it joins the body, the 
odontoid. process tapers to a blunt point superiorly, on the sides of which there are 
surfaces for the attachment of the odontoid or check ligaments. When the atlas 
and axis are articulated together this process lies behind the anterior arch of the 
atlas, and displays on its anterior surface an oval or circular facet which articu- 
lates with that on the posterior surface of the anterior arch of the atlas. On the 
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Fig. 68.~Axis fkom Behind and Above. Fig. 69. — Axis fuom the Left Side. 

posterior aspect of the neck of the odontoid process there is a shallow grooir© which 
receives the transverse ligament which holds it in position. 

’ The anterior surface of the body has a jaised triangular surface, ^which ends 
superiorly in a ridge passing upwards to the neck of the odontoid process, llie 
pedicles are conceaFed above by the superior articular prooesses > inferiprly, they are 
deeply grooved. The lamiaa^prismatic on section- — are thick and strong, ending 
in a stout, i&road, and bifid spinous process, the under surface of 'vjhi^h is deeply 
grooved, whilst its sides meet superiorly in a ridge. Placed oVer the pedicles 
and the anterior root of the transyerse prooesses are the superior articular surfaces. 
These are more or less cirOular in shape, slightly convex from^be|ore JiackVards, 
j. — ___j T_ — little outwards* 


flat from ^de to side, an4 have a direction fipwards and^ a , 

are channelled iuferiorly by the ^^ertebrarterial fprai^ifta which turu outwards 
beneath th^; The^^byea^^j^ S;«dueh tiie sew^nd cervical nerves leave jthe neui^l 
the behiM thu^supOrior^ processefii The 

inferior ariabtdar O-nd^ ppsitiop witp ^those of , the 

remaining laaembers of ithe series, and ere placed behind the kiferipr intervej^tebral, 
nptches*';/'\;-^ 

Tlfe -"lanpuais!^^ ^ithv;. 

extreriut^i ' 

y 
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The seventh cervical vertebra, or vertebra prominenfs, receives the latter name 
from tlie outstanding nature of its spinous process, which ends in a single broad tubercle.. 
This forms a well-marked surface projection at the back of the root of the neck. 
The transverse processes are broad from above downwards ; they project consider- 
ably beyond those of the sixth. The maximum width between their extremities 
agrees with that between the transverse processes of the atlas, tliese two consti- 
tuting the widest members of the cervical series. The vertebra^iiorial foramen is 
small. Not infrequently the costal element is separate from the true trsgiBverse 
process, thus constituting a cervical rib. 

Variations. — The vertebiarterial foramen may be^absent on one or other side. 

ThOKACIC VERTEBEiE. 

The dorsal or thoracic vertebrae (vertebrfe thoracales), twelve in number, 
are distinguished by having facets on the sides of their bodies for the heads of the 
ribs, and in most instances also articular surfaces on their transverse processes for 
the tubercles of the ribs (Figs. 54 and 55, p. 73). 

The body is described as charaeteristicall}^ heart-shaped, though in the upper 
and lower members of the series it undergoes transition to the typical forms of the 
cervical and lumbar vertebrae respectively. Its antero-posterior and transverse 
widths are nearly equal; the latter is greatest in line with the facets for the heads 
of the rib. The bodies are slightly thicker behind than in front, thus adapting 
themselves to the anterior concavity which the column displays in this region. 
The bodies of the second to the ninth inclusive, each possess four costal demi-facets — 
a superior pair placed oh the upper margins of the body, close to the junction of the 
pedicle with the centrum, and an inferior pair situated on the lower edge, close to 
and in front of the inferior intervertebral grooves. 

< 

* When contiguous vertebra} are articulated, the upper pair of demi-facets of the lower 

vertebra coincide with the lower demi-facets of the higher vertebra, and, together with the 
intervening intervertebral disc, form an articular cup for the reception of the head of 
a rib. Of these facets on tlie^ body tlie upper pair are the primary articulat surfaces 
for the head of the rib ; the lower are only acquired secondarily^ Moreover, these facets, 
though apparently placed on the body, are in reality developed on the sides of the pedicles 
behind the line of union of the pedicles with the centrum (neuro-central synchondrosis), as 
will be explained hereafter. . 

The pedicles are short and thick, and directed backwards and slightly upwards. 
The superior notch is faintly marked ; the inferior notch is deep'. The lamin» are 
broad, flat, and sloping, having sharp upper and lower margins. When the 
vertebrm ar\^ superimposed the latter overlap the former so as t6 form an 
imbricated arraiigement. The spinal foramen is smalM’ than in the cervical an/j 
lumbar regions, and nearly circular in shape. 

The spjnousc^ processes vary in length and direction, being shorter '§ind more 
horizontal in the upper and lower memoers of the series, longest and most oblique 
in direction towards the Jniddle of the series. sMl have a downward inclination, 
and are so “arranged that they overlap one another. Triangular in section Where ■ 
they spring from the neural arch, they become laterally compressed towards their 
extremities, which are capped by more or less distinct tubercles. The transvaxWe 
. processes are directed backwards and outwards, and a little upwards, They 
gradually decrease in size and length from above downwards. Eacli has a spine- 
what expanded extremity, the anterior surface of which, in the casp of the upper 
ten vertebne, is hollowed out in the form of a circular facet for articalatibn wi^ 
the tubercle of the rib which rests in the upper demi-facet of Ifche vbrtebra tp^wihick 

* the transverse process belongs. The superior articular processes are vertical and 
have their surfaces directed backwards, slightly upwards, and a little outwards-} ; 
thp inferior, correspondingly forwards, downwards, and inwards. 

Certaip of the dorsal vertobrje display characters by which they can ilbadity 
recognised. These are’ the; first, tenth, eleventh, and twelfth, and sometimes the^: 
ninth. 
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The first dorsal veitebra resembles the seventh cervical in the shape of its 
body and the length and direction of its spine. There is an entire facet on eitlier 
side of the body for the head* 


of the firsfcrib, and one demi- 
facet on each side at the 
lower border of its body, to 
complete the socket for the 
head of the second rib. Its 
transvefte processes are long, 
and Hie superior inter- 
vertebral notch is better 
marked than in other mem- 
bers of the dorsal series. 
The superior articular sur- 
faces are directed backwards 
and upwards, not outwards 
as in the lower series. 

The ninth dorsal verte- 
bra occasionally has only 
the upper pair of demi- 
facets oh its body ; at other 
tixiies ,it ^conforms to the 
usual type. 

The.tenth dorsal verte- 
bra may have only one com- 
plete costal facet on each 
side for the X. rib, though 
sometimes the articular 
socket may be completed by 
the ninth dorsal vertebra. 
The facet on the transverse 
process lb generally small, 
and sometimes absent. 

The eleventh dorsal 
vertebra has a complete 
^iircular facet on Hie outer 
side of each pedicle for 
articulation with tHb XI. rib. 
Its transverse processes are 
short and stunted, and have 
no facets. • 

* The tweUUi dorsal 
vertebra has a single fa^t 
on the pecliole on each side 



for the Xll. rib; . 
verse firoeessesj Vrlnch^^ 
no fa^tSj ', arb- .btok^ 
into 

respectivelj^i Me > ekfo 
superioir, 

. cles« . ■■■Th^yijii^ihcw 
with 

cess^r'Sf •■';tiie 
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but the eleventh occasionally displays the same arrangeig^ent, in which case it is 
not^always easy to distinguish between '’them. 


Inferior articular process 

Mainuiillary process 



Lumbar Vebtebbje. 

The lumbar vertebrae (vertebrae lumbales), five in number, are the largest of 
the movable vertebras. '■ They have no oostal articular facets, no:^ are their trans- 

verse processes pierced by 
a foramen. In this way 
they can be readily dis- 
tinguished from the mem- 
bers of the cervical and 
thoracic series. 

The body is kidney - 
sljaped in outlipe, and of 
large size. The transverse 
diameter is usually about 
a half greater tlian the 
aiitoro - posterior widtli. 
The anterior thickness is 
slightly greater than the 
posterior, being , tlius 
adapted to the anterior 
convex curve pf the 
column in this region. 
The pediclos, directed 
horizontally backwards, 
are short and stout; tl^e 
superior notches are 
shallow, but deeper than 
in the dorsal region ; the 
inferior grooves are d^ep- 
The bunine are broad, and 
nearly vertical, sloping but 
slightly. They support 
on their lower margins- 
the inferior articular pro- 
cesses. The spinal foramen 
is large and triangular. 

The spinous processes, 
spatula shaped, with a 
thickened posteridr 
margin, project .backwards 
and slightly - dbwnwards. 
The transverse processes, 
more slender than jn the 
dorsal r^on, pass hori- 
zontally outwards, with a 
slight backward inelina- 
tion. Arising from the junction of the pedicles with the lamina^'in thp bighen: 
members of the series, they tend to advance so as to become fused with t^e outer 
side of the pedicle and back of the body in the two lower lumbai' vertebrae, Tn 
these latter vertebras the superior intervertebral groove is carried obliquely aciross 
the upper surface of the base of the transverse process. The/transverro pfooesseS 
lie in line with the external tubercles of the lower thoracic vertebtm, With whicli 
they are, serially homdogods, and'^are^to be regarded as repr^entieg the; 
element. Placed ofi their base posteriorly, aad ^ust external to aiid ;^(^dw;;|^^^ 
superior articular processes/ are the small accessoi:^ tab«»fiea ‘ ({m>ce^us/adcesioi^^^ 
which are in series with the interior tubercle^ of tMe Idwer thor^ic yertfetiirse/^^:£ 
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superior articular processes are stout, oval, qjirved plates of bone, fused in front with 
the pedicles and laminae, and having their concave articular surfaces \’'ertical*and 
in-turned. Externally, and on their posterior edge, the bone rises in the lorni of an 
elongated, oval tubercle, the mammillary process (processus mamrnillaiis) ; these 
in correspondence with the superior tubercles of the lower thoracic transverse pro- 
cesses. 

The inferior piticular processes lie on either side of Che root of the spinous 
j^rocess supported on the inferior margin of the laniinie. Their articular surfaces, 
oval in* outline, convex from side . tc^ side, and plane from above downwards, are 
out-turned. The inferior articular processes are much closer together tliaii the 
superior** so that when the vertebrai ;ire articulated the superior articular processes 
of the lower vertebra embrace the inferior articular processes of the higher 
vertebra. 

The fifth lumbar vertebra is cliaracterised by the size of its body, which is 
the large|t of all the yertebric. Further, the under surface of the body i^ cut 
away at the expense of its j)08terior part: hence the thickness of the centrum in 
front much exceeds that of the vertical diameter behind. The transverse process 
is pyramidal in form, and stouter than those of the other lumbar vertebne. It 
ai’ises by a broad base from the side of the back of the body, as well as from the 
pedicle, and is directed outwards and a little backwards and upwards. Its upper 
surface is slightly grooved by the superior intervertebral notch. A deep notch 
separates it posteriorly from the superior articular processes, which are less 
in -turned than in the other members of the series, their articular surfaces being 
directed more backwards than inwards, and displaying less concavity. The inferior 
articular processes are further apart than is the case with the other members of 
the series, they lie in line with the superior. The sj)inous j^rocets is shorter and 
narrower than the other lumbar spines, particularly so in the female. 

• Variations. — ^The mamillary and accessory processes are sometiiues unduly developed. The 
neural arch of the fifth lumbar vertebra is occasionally interrupted on either side by a synchon- 
drosis which runs between the upper and lower articular processea In macerated specimens the 
two parts of the bone are thus separate and indexjendent. The anterior includes the centrum, to- 
gether with the xjedicles, transverse and superior articular i>rocesses ; the x^osterior coii^)ri8e8 the 
irifei’ior arfecular x^rocesses, the laminae, and the sx)ine. — Turner (Ghallenger Reports, vol. xvi.). 

THE FALSE OR FIXED VERTEBRAE. 

The Sacrum. 

• *■ 

The sacrum (os sacrum), of roughly triangular shape, is formed by the fusmu, 
normally, of five vertebrae. The anterior sur&ce of .the bone is slightly hollow from 
side to side and concave from above downwards, the curve being usually most 
j)roiiounoed opposite the third sacral segment. The central .part’eonJesponds to 
tlte bodies of the sacral vertebrae; the lines of fusion of which are indicated by a 
series of four parallel ridges which cross the central part of the bmie at gradually 
diminishihg intervals from above downwards; externally, the^ ridges* disappear 
on either side on the inner walls^pf the' four anterior sacral foramina (foramina 
8acrali^^ anteriora). The size of these holes decreases from above downwards. The 
upper and under border of eech foramen is formed by a stout bar of bone, which 
there Sve five on each side, corresponding in numoer with the vertebne present. 
These unite, externally; so ' as to form the latei^ niass (pair^ ia.terali8), and thus 
enclose the foramina to the outer side, though hete the edge is *not abrupt^ hut 
sloped so as to ipiws gradnaUy into .the oah^ S ; Tho iaiTgo ^terior divisions of the- 
sacral ueryei^ pass tli^ogh them fdjanuhd oeCupy the shaltow^'^ 
bone is broadest ' across the to narrow ; ormosite fW 

second,* and :a^m; usually jnettwifles : &e thint ^ 
eoiiditibtt is^U;mai:iea,;the ed^jil^rSsiibbdj^' 
assists in tbb interl’oqking.nf ttiei ^ 

and- ext'eajp,«il r'itd 
the fibres 

fourth foramen.tbe caeo^geud i8;iiibeewid.l 

6 .;:. 
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The posterior surface is rough and insular. Convex from above downwards it 
displays mesially a crest (crista saeraliS media) whereon 'are seen four elongated 
tubercles-i-the spines of tlie upper four sacral vertebne. External to these the 
bone forms a groove — the sacral groove — the floor of which is made up of the con- 
fluent lamintc of the cori-esponding vertebra;. In line with the intervals between 
the spines, and wider apart above than below, another series of tubercles is to be 
seen. These are due to the fusion of the articular processes of the sacral vertebrae, 
and together they form faint irregular ridges on the bone (cristse sac'rales articularos). 
Normally, the spine of the lowest sacral seguicnt is absent, and the lamineec do not 
coalesce mesially, thus leaving a gap in which the spinal canal is exposed (hiatus 
sacralis) ; whilst inferiorly the tubercles coixesponding to the inferior articular 


Superior articular processes Transvej*se process of ilrst sacral vertebra 



Coccygeal articular surface 
Fig. 62. — The Sacrum (anterior view). 


processes 6f the l&st sacral vertebra Jomi little down-projecting processes— the 
sacral cornua (cornua sacr^Jia) — by means of which the sacrum is in part united to 
the coccyx. , Just wide of tne articular tubercleb are the posterior sacr^ foramina 
(foramjna ^acralia posteriora), for tjie transmission of the posterior divisions %f the 
sacral nerves. These are in correspondence with the anterior foramina, so ‘that a 
probe can be passed directly through both openings ; but it is to be noted that the 
posterior are much smaller, and their margins much sharper, than is the case’ with 
the anterior. The surface of the lateral mass external to the posterior sacraJ 
foramina is rough and irregular, owing to the presence of four more or less elevated 
tubercles, which constitute the lateral ridges on either si(fe of the '‘bone (crist^e 
sacrales laterales), and which are serially homologous with the true trapsyers? 
processes of the lumbar vertebire. ^ i * 

The posterior surface of the bone furnishes an extensive surface for the ori^tii 
of'" the elector spinas.; muscles, whilst thb edge of the bone external to the tb^ 
fourth foramen gives attachment to the gluteus maximus.^ ^ . 

The base of the bone displays features more in accordance with a 
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vertebra. Centrally an(^ in front is placed the body, the upper surface of which 
articulates with the last lumbar vertebra tfirough the medium of an intervertijbral 
disc. The anterior margin^ is thin and projecting, overhanging the general con- 
cavity of fhe front of the bone, and forming wliat is called the promontory (promon- 
torium). Behind the body, the spinal canal, of triangular form with slightly 
appressed sides, is seen, whilst posteriorly is the short spinous process forming the 
highest tubercle (jf the median crest. Spreading out from the sides, and partly from 
the back of the body on either side, is a fan-shaped mass of bone, the upper surface 
of whidh is slightly concave from sid^ to side, and convex from above and behind 
downwards and forwards. This, the ala (ala sacralis), corresponds to the thick upper 
border of the lateral mass, and is foriped, as will be explained hoi’eafter, by elements 
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which con^pohd to the pedicles and transyeiBe processes of the%ac'hd vertebrae, to- 
gether with superadded struottires--;^the sacral ribs. The external ma^in of th^ 
ktera^maes, as s^n item abov^ ij^^arp and ontwardly’convex, teitemAtipg hehipd 
in a prominent tultetele--^the lughtet^^^^^ serf# of elevations seen on thih §(|steri6^ 

surfaerf of the hone; wl^ch have btea alte^y deterihpd as serially^^h^ 
the t^e tiansyierse process oHhe lutebttr Vertehwe. Fused^th the 
latertd nias^ and; tepite^ fteteviit e3:terMUy ,h^ 

superior lurtioidait ^ 'T^ surface, wbiip^ pi 
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attachment of the strong sacro-iliac ligaments. Inferioff’ly, the edge formed by 
the rlaterg^l masses of the fourth and fifth sacral vertebrse becomes gradually 
thinner, and at the inferior lateral angle changes its direction and sweeps inwards 
towards the body of the fifth sacral segment. 

The apex, or lower end of the sacrum, is formed by the small oval body of the 
fifth sacral vertebra, which articulates with the coccyx. 

The sacral canal follows the curve of the bone ; more or lass triangular in 
8haj)e above, it becomes appressed and flattened below. Inferiorly, its posterior 
wall is deficient owing to the imperfect ossification of the laminae of the fifth, and, 
it may be, of the fourth sacral segments. Passing obliquely outwards and downwards 
from this canal into the lateral masses on either side are the four pairs bf inter- 
vertebral foramina, each of which is connected externally with a V-shaped canal 
which terminates in front and behind in the anterior and posterior sacral foramina. 
The hinder limb of the V is shorter and narrower than the anterior. 

1"he female sacrum is proportionately broader than the. male. Its Qurves are 
liable to great individual variation, though the absolute depth of the curve is less 
than in the male. 


Variations. — The number of sacral segments may be increased to six or reduced to four (see 
j). 87). Transition forms are occasionally met with in which the first sacral segment displays 
on one side purely sacral characters, i,e. it articulates with the innominate bone, whilst on the 
opposite side it may present all the features of a lumbar vertebra. Tlirough deficiency in the 
develoj)ment of the laminte, the neural canal may be exposed throughout its entire length,* or 
to a greater' extent ©than is normally the case. (Paterson, Eoy» Dublin Soc, Scientific Trans. 
vol. V. Series II.) 

Coccyx. 



The coccyx consists of four — sometimes five, less frequently three — rudimentary 
vertebrjj^, which tend to become fused. The first piece is larger than the others ; it 

has an oval hollow facet 
on its upper surface, 
which articulates with 
the body of ^the last 
sacral segment. Pos- 
teriorly, two processes, 
cornua coccygea, wdiicli 
lie in series with the 
articular processes oV 
the sacrum, extend up- 
wards and unite with 
the sacral cornua, thus 
bridging over the notch 
for the exit of the fif^i 
sacral nerve, and con- 
verting it iujo a fora- 
men, the last of the 
intervertebral series. 
From ihgt outer side of the body projects a rudimentary transverse process «which 
may, ol* mky not, unite with the Sacrum close to the lower lateral angle loin the. 
latter case a fifth anteiior sacral foramen is enclosed. Inferiorly, the body of the 
bone articulates^ with the succeeding vertebra. The second coccygeal veitebira 
displays slight tmees of a transverse process and the rudiments of^ pedicles. The 
foliowinj^ segments are mere rounded or oval-shaped nodules of bonq. 

Fusion between the lower elements occurs normally in middle life, whilst union between 
the first and second segments occurs somewhat later. It is not unusual, howeveivto find 
that the first coccygeal vertebra remains sepamte from the others. Though very variable, as; 
a rule, fusion occurs more commonly the male, and at an earlier age than in the femalei. 

‘ From the posterior surface of thefeoccyx the gjuteus maximus 
external borders are attached the coccygei and levatores ani* muscles, and frbih its ^ 
tip spring the fibres of the sphincter aiii. 


A. 


1. Transverse process. 

2. Tran.sverse proce.ss. 


Fuj. 64.— The Coccyx. 

Ifosterior Surface. B. Anterior Surface. 


Sacrum. 

CornV'. 


Sacrum.^ 

Cornu. 


7. Transverse process. 

8. Transverse process. 
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VERTEBRAL COLUMN AS A W.HOLE. 

When all the vertebrae are articulated together, the resulting coliim!i displays 
certain characteristic features. The division of the column into a true or movable 
part, comprising the members of the cervical, thoracic, 
and lumbar series, and a false or fixed portion, in- 
cluding the sacrum and coccyx, can now be readily 
recognised. The vertebrae are so disposed that the 
centra, ^r bodies form an interrupted^column of solid 
parts in front, which constitutes the axis of support 
for the •head and trunk ; whilst the neural arches 
behind form a canal for the lodgment and protection 
of the spinal cord and its membranes. In the 
movable part of the column both the anterior sup- 
porting axis and the^ neural canal are liable to 
changes in their direction owing to the movements of 
the head and trunk. Like the bodies and neural 
arches the spinous and transverse processes are also 
ggiperposed, and fall in line, forming three series of 
interrupted ridges — one (the spinous) placed centrally, . 
the others (the transverse) placed laterally. In this 
way two vertebral grooves are formed which lie 
between the central and lateral ridges. The floor of 
each groove is formed by the lamiiiai and articular 
processes, and in these grooves are lodged the muscles 
which serve to support and control the movements 
of the column. 

Further, the column so constituted is seen to 
display certain curve# in an antero-posterior direction. 

These curves are, of course, subject to very great 
variation according to the position of the trunk and 
head, and can only be satisfactorily studied in a 
fresli specimen; but if care be exercised in the 
articulation of the vertebrae, the following character- 
istic features may be observed, assuming, of course, 

► that the column is erect and the head so placed that 
the axis of vision is directed towards the* horizon. 

There is a forward curve in the cervical region, 
which gradually merges with the backward thoracic 
curve; this becomes continuous below with an 
anterior convexity in the lumbar region, which ends 
more or less abruptly at the union of the fifth 
lumbar w^th the first sacral vertebra, where the 
sacrum slopes suddenly backwards, cauging the 
column to form a marked projection— the sacro- 
vertebral angle. Below this, the *anterior concavity 
of the front of the sacrum is directed downwards as 
well forwards. Of these four curves, two— the 
thoracic and sacral— they alone exist 
during foetal 

forward curyes wly l^ake tfieir appe^pmc^^ 
birth— the former being^^ a^^^ with the ejttension , 

and elevation head, whilst ^ 

veloped in cbnnepon with |he usO; of the^^ to ;| 

in the^ hyper - exteh^d piMition^^s ^ 
correlated 

this/cnn^th^fpre^:.^^ ■■ 

begum 
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Not infrequently there is a slight^ lateral curvature fin the dorsal region, the 
conyexity of the curve being usually directed towards the right side. This may be 
associated with a greater use of the muscles of the right 
upper limb, or may depend on the iDressure exercised by 
the upper part of the thoracic aorta on the vertebrae of the 
dorsal region, thus causing a slight lateral displacement. 
Above and below this curve there are slight compensatory 
curves in the opposite direction. 

Tlie line which unites the tips of the spines fe not a 
repetition of the curves formed by the bodies. This is due 
to the fact that the length and direction of the spines vary 
much in different regions ; thus in the neck, with the ex- 
ception of the second, sixth, and seventh, the spines are all 
short (absent in the case of the atlas). In the thoracic region 
the spines, though long, are obliquely placed — a circ^jimstance 
which much reduces tlieir prominence ; that of the seventh 
thoracic vertebra is usually the longest and most slanting. 
Below this point the length of the spines gradually decreases, 
and their position more nearly apj^roaches the horizontal. 
Ill tlsrO loins, the spines have all a slight downward direction. 

Takcjii as a wliole, the spines of the movable vertebrae in man 
have a dowinvaid inclination — a character whicli he shares v. ith the 
anthi'opoid apes, and a few other animals. This character serves to 
distingiiisli his column from those of lower mammals in which the 
spines of the lumbar vertebra) are tlirected headwards towards the 
“ centre of motion,” which is usually situated near the hinder ex- 
tremity of the tliorax, where a vertebra is placed the direction of 
whose spine is vertical; this Vertebra is often referred to as the 
anticlinal vertebra. 

The spines of the upper three or four sacral vertebrae 
form an osseous ridge with interrupted tubercles. The ridge 
formed by the vertebral spines is an important detormipant 
of the surface form, as it corresponds to the median furrow 
of the back, and here the individual spines may be felt and 
counted from the seventh cervical down to the sacral region. 
This is best done when the back is well bent forwards. 

As viewed from the front, the vertebral bodies increase 
in /width from the second cervical to the first thoracic; 
thence a reduction in breadth takes place to the level of 
the fourth thoracic, below which there is a gradual increase 
, in their transverse diametei's until the sacrum is reached. 
Here a rapid reduction in width takes place, terminating 
iiiferiorly in the nodules of the coccyx. 

The transve’i^e processes of the atlas are wide and out- 
standing. The succeeding four cervical vertebrae have 
,.5 transverse processes of nearly equal width ; the seventh, 
vg however, displays a marked increase in its transverse 
I diameter, and is about equal in width to the first thoracid 
vertebra. Below this a gradual and regular diminution in 
width characterises the transverse processes of the thoracic 
vertebrse, until in the case of the eleventh and twelfth they 
are merely represented by tlie small external tubercles. In 
the lumbar region the transverse processes again appear 

F10.66.-VBRTEBHA1, Column out^nding, and ofnearly equ^ length. . , ^ ' 

AS SEEN FBOM Bbhiku. Thc ti'ansverse diameter of the lateral mass of raie first r 
sacral vertdhra forms the ypdest part ol tfie colunm^^^ B^^ 
this a decrease in width! occurs until thd level of the third sacral segment ig n^hedv ; 
at which point the transverse diameter is somewhat abruptly diminished, a rednCtipn ; 
in width which is further suddenly accentuated opposite the fifth ;sac^l|segfiieW^^ 


Coccy- 
f'geal 4-5 
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As viewed torn the «ide, the bodies dii|play a gradual increase in their antero- 
posterior width until the second lumbar vertebra is reached, below whicl)^ this 
diameter is slightly reduced. In the sacral region the reduction in this aiameter is 
great in the first and second sacral segments, more gradual and less marked in the 
last three segments. 

The facets for the heads of the ribs in the upper thoracic region lie on the sides 
of the bodies; those for the tenth, eleventh, and twelfth afe placed further back on 
the pedicles. 

ThS intervertebral foramina increase in size from above downwards on the 
movable part of the column, being largest in the lumbar region. In the sacral 
region tliey decrease in size from above downwards. In the cervical region the 
two highest cervical nerves pass out behind the articular processes of the atlas and 
axis, and lie, therefore, behind the corresponding transverse processes of these 
vertebrae. The succeeding cervical nerves pass out through the intervertebral 
foramina which are pl^aced between the transverse processes and in front of the 
articular processes. In the thoracic and lumbar vertebrae the intervertebral 
foramina lie in front of both the articular and transverse i)rocesses. The arrange- 
ment of these foramina in tlie sacrum has been already sufticiently explained. 

• The neural canal for the lodgment of the spinal cord and its meninges is largest * 
in the cervical and lumbar regions, in both of whicli it assumes a triangular form ; 
whilst it is narrow and circular in the thoracic region. These facts are correlated 
with J;he movements of the column which are most free in those regions wliere the 
canal is largest, i.e, the neck and loins. 

TYne average length of the vertebral column is from 70 to 73 centimetres, or from 
27^ to 28| inches- Of this the cervical pai't measures from 13 to 14 cm. ; the thoracic, 
27 to 29 cm. ; lumbar, 17 to 18 cm. ; and the sacro-coccygeal, 12 to 15 cir . The individual 
differences in the length of the column are less than one might expect, tlio variation in 
^height of different individuals being often largely dependent on the length of •the lower 
limbs. In the female the average length of the column is about 60 centimetres, or 23f^ 
inches, and the curve in the lumbar region is usually more pronounced.' 

^ Architecture. — The vertebrre arc formed of spongy bone confined within a thin and dense 
envelope In the bodies the arrangement of the cancellous tissue, wliich is iraversei by venous 
cliaTinals, is such as to display a vertical striation with lamelhe arranged horizontally. The* 
external, superior, and inferior walls are very thin — that directed to the neural canal being 
usually thicker and denser than the others. In the pedicles and roots of the transv^se procei^bes 
the cancellous tissue is much more open. The outer envelope is much thicker wliere it bounds the 
neural ring, and where it forms the bottom of the superior and inferior intervertebral notches. In 
the laminsB the spongy tissue is confined between i^o coinjiact layers, of which th^it directed to the 
spinal canal is the thicker. In the spinous processes the ui)per*edffe is always the more coinpact. 

Variations. — Ntlmerical Variations of the Column as a Whole. — Increase in the nuin her of 
vertebral segments is usually due to differences in the number of the coccygeal vertebreo ; these 
may vary from four— rwhicli may be regarded as the normal number — 1() six. ^The number of 
presacral or movable vertebra} is normally 24 (7 C, 12 D, and 5 L). This^Jiumber may be in- 
creased by the intercalation of a segment either in the thoracic or Iftmbar fegion without any 
alteration in the number of the sacral or coccygeal elements : thus Ave may have 7 C, 13 D, and 
5 L, or 7 G, 12 D, and 6 L, or may be reduced'by the disappearance of a vertebral segment— thus, 

7 C, 12 D; and 4 L. Such an arrangement presu^poBes developmental firrofs eitlfer of excess dr 
default in the segmentation of the column.. On the other hanc^ the total number oi* Vertebral 
segments remaining the same (24 or 25), we may have variatioiis in the number of those assigned 
to different regions due to the addition of a vertebral segment to one, aiid its 
traction from another region. Thus, in the 24 preswtol vertebras, in cases of th# oci|uiTence of 
cervical ribs the formula is rearJaiiged thU8-4^ v, 13 I), and 5 L, or, in the case of a thirteenth 
rib being present, the; formula woujd be T O, 13 D, 4 Lj as happens normally in the gorilla and; 
chimpanzee, Similariy^ the number of the presacral yertebm (24)*may^be incieased by th^'. 
withdrawal of a segment ftom th# sacral r aha 4 B— or diminish!^ 0^' ^ 

increase in the number of the sacrel vertebraB^ w fohnula 7 C, 12 D, 4 L, and 6 8/ 
crease in th^humber of sacral segments may be due to lumbar vertebmj or by tner; 

addition of a coCcygeah elemeht ; the lalter is This yariabmiy in 

constj^ution of the nec^saar^ badew^^ 

the pelvic girdle alobd yertobrd 
veitobrm are the primiUyf to^ral 

(the. : 

oppoted' by^ 
took 
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aiice in the al?e of the 26th vertebra. He thus assiimeij that the alae of the 26th vertebra may 
be regarded as the main and primary attachment with the ilium. ^ Hia conclusions, based on a 
largefimmbev of oT).seTvations, are at variance with Roseiibnrg’s views, for, accoi’diug to his opinion, 
liljeration ot the first sacral segment is more common than assipiilation with the fifth lumbar 
verteljra, and assimilation of the first coccygeal vertebra with the sacrum is more common than 
liberation of the fiftlj sacral, thus leading to the inference that the sacrum tends to shift back- 
wards more often than forwards. 


Ossification of the* Vertebrae. — ^The vertebrae are developed by ossification of 
the eartilap-e which surrounds the notochord and which passes backwards over the sides of 
the neural canal. The centres for the bodies first appear in the 
lower thoracic vertebrie abbiit the tenth week. An oval nucleus 
develops in each body. At first it is placed dorsal to the noto- 
chord, but subsequently surrounds and causes the disappearance 
of that structure. Occasionally, however, the primitive centre 
appears to be formed by the coalescence of two primary nuclei. 
Support is given to this view by the occasional occurrence of 
vertebrre in which the body is developed^ in two later/il halves, 
or in cases where only one -half of the body persists (Turner) ; 
normally, however, it is impossible to make out this division. From 
these single nuclei the bodies are developed, the process extending 
up'^aiid down the column until, by the fifth month, all the centra possess ossific deposits^, 
except the coccygeal segments.^ About the seventh week a single centre appears in the 
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Cervical verUhra, 

1. Centre for body. t 

2. Superior epipfiysial plate. 

3. Anterior bar of transverse process developed by 

lateral extension from ‘pedicle.' 

4. Neiiro-ceiitral synchondrosis. 

.5. Inferior cpii)ky.sial idate. 

Lu’Mhar rertehra. 

6. Body. 

7. Superior e 2 iipliysial plate. 

8. Ei»iphysis fpr man^inilbiry process. 

9. Epiphysis for transverse process. ^ 

10. Epiphysis for sinne. t 

11. Neuro-central syncliondrosis, ' 

12. Inferior ^hdiysial plate. 

f * Dorsal vcrtchra, . *' 

13. Centre for body. 

14. Sui^erior epipliysial plate, .^appears about puberty ; 

unites at 25th year. 

15. Neuro-central synchondrosis does not ossify till 

5th or Cth year. 

16. Appears at puberty ; unites at 25th year. 

17. Appeal's at puberty ; unites at 25th year. ^ 

18. Appears about 6th week. 

Axis. 

19. Centre for transverse process and neural %«.rch ; 

^appearj! about 8th month. , 


20. Synchondroses close about 3rd year. 

21. Centre for summit of odontoid process ; appears 

3ril to 5th year, fuses Sth to 12th yeai*. 

22. Ajipears about 5th or 6Jh mouth ; unites with 

op]>osite side 7th to Sth month, 

23. Synchondrosis closes from 4th to 6lh year. 

24. Inferior ei^iidiysial plate ; appears about puberty, 

unites aljout 25tli year. 

25. Single or doulile centre for body ; appears abou^ 

5th month. 

A lias. t 

26. Posterior arch and lateral masses developed from 

a single centre on either side, which appears 
about 7th week. ^ 

27. Anterior arch and portion of superior articular 

surface developed from single or doublet centre, 
appearing during 1st year. 

Dorsal vertebra. 

28. Epiphysis^ for transverse process ; appears about 

puberty, unites about 25th year. 

29. Bpii)hysis appears about puberty ; unites: about : 

25th or 27th year. ^ ‘ 

30. Centre for body on either side of neural arch ; 

appears abop.t 6th or 7 th week, the lainiifc unite 
from birth to 16th month. 

31. Centre for body ; appears about 6th week, unites *, 
with neural arch from 5tii to 6th year.. 


neural areh on either side. . These commence first to oWfy in the .‘upper ceryi^J 
and extend rapidly downwards throughout the column^ " They first appear near the 
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of the Superior articular processes, and extend backwards into the laminoe, outwainis into 
the transverse processes, and forwards into the pedicles. These latter project anteriorly, 
and form a considerable portion of the postero-lateral aspects of the body, from ^diich, 
however, they are separated* by a cartilaginous strip — the neuro-central synchondrosis — 
which does not entirely disappear until about the fifth or sixth year. It is important to 
note that in the thoracic region the costal facets lie behind the neuro-central synchondrosis, 
and are therefore borne on the lateral aspects of the pedicles. Fusion of the lamina) in th 
mesial plane belitnd begins, after birth, in the lumbar region and extends upwards, s 
that by the fifteenth month or thereabouts the arches in the cervical region arc con: 
pleted oehind. In the sacral region tossification is slowei*, the spinal canal not beiiij 
enclosed till the seventh to the tenth year. The s23inous processes arc cartilaginous a 
birth, btit these become ossified by tliQ extension into them of the bony lamina). 

At puberty certain secondary centres or epiphyses make their appearance ; these ar 
five in number. One caps the summit of the spinous i)rocess, except in the cervica 
rpgion. A single epiphysis on either side appears at the extremity of the transvers 
process, and in the thoracic region assists in forming the articular surface for the tubcrcl 
of the rilt. Two epiph^r'^ial plates are formed — one for the upi^er, and the second Tor th 
lower surface of the body, including also that part which lies behind the neiu’o-centra 
synchondrosis and formed by the pedicle ; from these the thickened circumference of botl 
upper and lower aspects of the body are derived. Fusion of these centres with the res 
bf the bone is not complete till the twenty-fifth year. 

In the cervical region independent centres are described as occurring in the anterio 
roots of the transverse processes of the sixth and seventh vertebra). Those correspond t 
the cQ,stal element, and may occasionally persist in the form of cervjcal ribs., Elsowhcr 
they arc formed by lateral extensions from the j>Gdicle. 

In Jihe lumbar region the transverse jjrocess of the first lumbar vertebra is occasional!; 
associated with an independent cosbil centre, wliich may blend with it, or persist as 
lumbar rib. The mammillary processes are derived from separate epii:hyses. Tlie neiira 
arch of the fifth lumbar vertebra is occasionally developed from two centres on either side 
as is demonstrated by the fact that the arch is sometimes divided by a synchondrodiri 
joint running obliquSly across between the suj^erior and inferior articular j)rocesses oi 
either side. (See ante^ p. 81 ; also Fortschritie auf clem Gehiete der RonUjcmtrahlen 
Ergaiizungsheft i. ; “ die Entwickelung des menschlichen Knochengerilsfes wahrend de 
fdtalen i^iebens,^’ von Lambertz.) t 

*Atlas. — The lateral masses and posterior arch are developed from two centres — one oi 
either side — \vhich correspond with the centres from which the neural arches of the othe 
members of the series are developed. These make tlieir appearance about tfie seventl 
week, and do not xinite posteriorly till after the third year. Their point of union i 
sometimes preceded by the formation of a distinct spinal nucleus (Quain)^ The anterio 
arch is developed from centres variously described as siwgle or double, which ai)pear ii 
one of the hypockordal arches of cartilage described by# Froriep {Arch, f, Anat, ?< 
Physiol,^ Anat, Ahth, 1886) which here persists. In -this cartilage, ossification commence 
during the first year of life. Union xyith the lateral masses is delayed tiil six or eigh 
years after birth. The external extremities of the anterior arch a^^sist forming the for 
part of the superior articular processes. 

The Axis ossifies from five primitive centres. Of those, two — one on either side— 
appear about the seventh week, and form the j^rticular and transve»o f)roce«8es, togethe 
with the lamina) and spine. One, or it maybe two, nuclei ajgpear in the lower part of th 
body about the fifth month. The upper pa,rt of the b(^ 3 ^ including a smaU part of th 
supeiflor articular process, and the base of the odontoid' process, are develdpe4 from tw< 
lateraily-placed nuclei Which appear shortly after* and fuse together at thfe seventh p 
eighth month, so that at birth the bone consists of four pieces. Fusion between thes 
parts takes plkch in following order i-^T^ odontoid unites viith the body ^ a latera 
parts about the third or fdurth yeair|, hnioh bctweett the two lateral jterfions posterio^^^ 
md the body and lateml pa?^ in^ f^ at fiom four to six ye^s. ; 

The sntmnltb^ the odontoid process is developed a 
louble, whi^ appeare-fmm the thiid tp- the^^^fi^^ 
hoin the eighth to the twelftli yeajr.^: /^ 

the under t^y, with united during the twentieth 

bhe tweht 3 ^fifthp^;'i§ome’^^ giw^-bet^ 

3is. fusioi^etw^hlthiesiloht^ 
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fusion of the odontoid with the body is defijied by a small disciof cartilage which persists 
withi/i the substance of the bone till an advanced period of life. 

A pair of epiphyses placed over the tubercles of the spii^e, if not always present, are 
at least frequent. 

Sacrum. — Each of the sacral segments is ossified from three centres : one for the 
bod}^ and two for the neural arch — that for the bod}'^, which makes its appearance in the 

first three sacral vertebree 
about the^'end of the third 
month, about the fiftjfi to the 
eighth month for the last 
two segments. From the two 
centres for the neural arches, 
which make their appearance 
about the fifth or sixth month 
in the higher segments, the 
lam i use, articular ^processes, 
and the posterior half of 
the alee on either side are 
developed. The spinal canal is not enclosed till the seventh to the tenth year, the 
larninfo usually failing to meet in the lowest segment, and occasionally, to a greater oy 
less extent, in some of the higher segments. The anterior part of the lateral masses is 
developed from separate centres which represent the costal elements (Gegenbauer). These 
appear about the sixth to the eighth month, and may develop in relation to the upper 
four sacral ^segments ; more usually they are met with in connexion with the first 'three, 
and exceptionally they may be found only in the upper two. It is by fusion of these 
with the posterior arches that the lateral masses which support the innominat(y bones 
are formed. The costal elements fuse about the second to the fifth year with the neural 
arches, prior to their union with the centra ; and the segments of the lateral masses unite 
with each other sooner than the union of the bodies is effected. The latter only takes 
place aft^r puberty by the fusion of the epiphysial plates, a pair^^of which make theiij 
appearance between the centra of each segment. The lower segments begin to unite 
together about, the eighteenth year, but fusion between the first and second sacral verte- 
brae is not completed till the twenty-fifth year or after. In addition to the foregoing, tw^o 
thin osseous laminae are developed in the cartilage covering the outer surface of* the alar 
mass. The upper of these overspreads the auricular surface, whilst the lower forms the 
sharp edge below. The extremities of the upper spinous processes are occasionally 
developed •from independent epiphyses. On making a mesial section of an adult bone 
the persistence of the intervertebral discs between the centra is indicated by a series of 
oval cavities. • • 

Coccyg^eal Vertebrae. — These are cartilaginous at birth. Each has a separate 
centre ; the first appeavs from the first to the fourth year, the second from the sixth to 
the tenth year, the third and fourth segments at or about puberty. Secondary centres, 
for the coccyg^sal |;ornua and epiphysial plates for the bodies are also described. Fusion 
of the various segments begins below and proceeds upwards, but is liable to great indi- 
vidual variation. In advanced life the coccyx is often ossified to the sacrum. 

SERIAI^ HOMOLOGIES OP THE VERTEBHiE. 

* 

It is a sglf-(?vident fact that the vertebral column consists of a number of segments orVerte- 
brte all p()ssesemg some characters in common. These vertebrje or segments undergo modifl^tions 
according to the region they occupj^ and the functions they are called upon to serve, so that 
their correspondence and identity is thereby obscured. There is no difficulty in recognising the 
correspondence of t[ie beftiies and neural arches throughout the column. According to some 
anatomists the neural arch is the more primitive element in the formation of a vertebra, whiljst 
others liold tliat the centra are the foundation of the columiL Be that as it may, we find that in 
the higher vertebrates, at least, the bodies are the parts which most persist. They^ are, however, 
subject to modifications dependent on their fusion with one another. This openrs in the cervical 
part of the column where the centrum of the first cervical or atlas vertebra has for- fup/jtibilai . 
reasons become fused with the body of the second or axis vertebVa to form the odontoid proem 
of that segment. For similar reasons, apd in association with the union of the girdle of the; 
liind-limljLwith the column, the bodies of\:he vertebrsB which correspond to the sacral segment- 
beedine fused together to form a solid mass.* In the. te]^iminal portion of the pau^aV r^Oh^ 
the centra alone represent. the vertebral segments. . ' 

As regards the neuraTarch, this in manLeconies deficient in the lower sacral region, and abs^h^^ 
altogether ip the lower coccygeal segments. The spinous piroces^ are absent in the 
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first cervical, lower sacral, ^nd all the cocc 5 ’’gear vertebrae, and display characteristic differences 
in. the cervical, thoracic, and lumbar regions, wh^ch have been already described. The articular 
processes (zygapo^hyses) are secondary developments, and display great divei*sity cA' form,’ deter- 
mined by their functional retfuirenients. It is noteworthy that, in the case of the upper two 
cervical vertebrae, they are so disj^osed as to lie in front of tlie foramina of exit of the uppci* 
two spinal nerves, and by this arrangement the weight of the head is transmitted to the solid 
column formed by the vertebral bodies, and not on to the series of neural arches. It is in 
regard to the homology of the transverse processes, so called, that ^jiost difficulty arises. In the 
thoracic region th^ can best be studied in their siinj)le!st Ibrm; here the ribs — wliieh Gt?genbauei 
regards as a differentiation from the inferior or haginal arches, in oi^position to the view advanced 
by others that they are a secondary develo|)ment from the fibrous iulermiiscular septa — art iculate 
with the transverse processes and bodies of tbe thoracic vertebric through tlie agency of the 
tubercular (diapopliysis) and capitular (parapophvsis) processes respectively, the latter being 
placed, strictly speaking, on the neural al*ch behind .the line of the neuro-central synchondrosis. 

An interval is thus left between the neck of the rib and the Iront of thti transverse process : 
this forms an arterial passage which corresponds to the vertebrartcrial canal in. the transverse 
processes of the cervical vertebrae, the anterior bar of which is homologous with the head and 
tubercle of the thoracic rib, whilst the posterior i^art lies in series with the thoracic transverse 
process, •rhese homolog.fes are further emjihasised by the fact that in the case of tlie fteventli 
cervical vertebra the anterior limb of tbe so-called transverse }>iO(iess is developed fi'oni an 
independent ossific centre, which occasionally persists in an. independent form as a cervical rib. 

Ill the lunibar region the external or tran8vei*se process is serially homologous with the 
^thoracic ribs, though here, owing to the coalescence of the contiguous parts, there is no arterial 
channel between the rib element and the true transvei*se process, which is rejireseuted by tin 
accessory processes (anapopliysis), jilaced posteriorly at the root of the so-cfilled transverse 
process of liiiman anatomy. Sujiport is given to this view by tbe presiuice of a distinct costal 
eleiu^t in connexion with the transverse process of the first lumbar vertebra, which aci^ounh 
for the occasional formation of a supernumerary rib in tliis region. * * 

In the sacrum the lateral mass of the bone is made uj) of combined transverse and costal 
elements, with no intervening arterial channeL In the case of the upper three sac!*al segmentj; 
the costal elemeiits are largely developed, assist in supporting the ilia, and aiH» called the true 
sacral vertebra3 ; whilst the lower sacral segments, which are not in contact witli the ilia, arc 
referred to as the pseudo-sacral vertebj m. 

The anterior arch of the atlas vertebra is, according to Froriep, developed from a li^ypochorda' 

‘ strip of cartilage (hypi^hordal spange).. 


THE STERNUM. 

, Th« sternum or breast bone occujiies the middle of the upper jifert of th< 
thoracic wall anteriorly. It is connected laterally with the cartilages of the firsi 
seven ribs, and supports, superiorly, the clavicles. It consists of three p%rts, nantec 
respectively the manulurium or prestemum ; the body (corjjus stemi), gladiolus oi 
mesostemum ; and the ensifoim or xiphoid, cartilage (processus xiphoideus) or th< 
metastemuin. Of. these the body is formed by thp fusion in eaiiy life of fou) 
segments or stemebrje. . . 

The manubrium, usually separate throughout life from the rest of the bone 
though occasionally fused with it, is of a flattened triangular fonn.» The anterioi 
surface, slightly saddle-shaped, affords attachment to the fibres^ of the pectoralii 
'major and stemo-mastoid muscles. It is bounded above by a thick border, the latera 
parts of which are hollowed out obliquely to form the facets (incipurai,clavioulares 
for the’stemal ends of the clavicles; ar®und the facets, which have an upward 
outward, and slightly haci^ard direction, the bone •ds faintly lipped. In tin 
interval between these two facets there is a slight notch (incisura jugularis) whicl 
forms the floor of the characteristic hollow seen at the root of the ne«K i^feriorlj 
— the Buprasteinal holfoh,, 6r pit of the The literal borders ate ex^yatw 

immediately below the: olaricular fac^ti ior tiie reception pf the crirtiliges of vth^ 
first ribs. Below thl^, the mgtgin of^ t^^^ 

inforioriy," ^here: it preshhf^^a loeet^^^; suppofts .a part: of the scoond qosf^ 
cartilages. riiq'b6nhds;^tisBy ^ 

correspbnd^tb the ridge , sepamtutg tlidel^qidat?facets fi^ 

wMLrt the Idwlsr i ingle, Vldohykafi:^^ 

the surface: wh^ixliaVnaitid^ 



92 


osTEoioar. 




iavv7k iiv*iiiuouun 


The body (corpus sterni), usually twice the length and JProm half to two-thirds 
the width of tlie manubrium, displays evidence of its composite nature. If the 
anterior siirfctce, which is slightly convex from abov^ downwards, and faintly 
concave from side to side, be carefully examined, three ill-marked ridges may be 
seen crossing it transversely ; these correspond to the lines of fusion between the 
four primitive segments. To this surface of the bone the great pectoral muscles 
are extensively attached on either side of the middle line. The lateral borders are 

thick and interrupted at points corre- 
spoi^ding to the transverse lines already 
mentioned by U-shaped hollows, the 
edgeg of which are more or less project- 
! ing. These are for the reception of the 
cartilages of the third, fourth, and fifth 
ribs. The upper border is united to the 
manubrium abovq, and forms \^ith it an 
angle of variable degree — the stenial 
angle (angulus sterni). A small facet is 
formed at the expense of the outer ex- 
tremity of this border, and in conjuncr 
tion with the facet on the lower border 
of the manubrium forms a recess on 
either side, in line with the angle, into 
which the cartilage of the second rib fits. 
The lower border of the body is qurved, 
and in the middle line is united with 
the xiphoid cartilage, whilst on either 
side it is pitted to receive the cartilages 
of the sixth and seventh ribs, the latter 
being in part supported by the xiphoid 
cartilage. The middle line of the body 
of the sternum anteriorly corresponds 
to the floor of the median surface* furrpw, 
which runs down the front of the chest 
in the interval between the two great 
pectorals. The posterior surface is 
slightly concave from above downwards, 
and displays faint indications of three 
transverse lines in correspondence with 
tliose j)laced anteriorly. It is in relation 
with the pleura and pericardium, and 
affords attachi^ient at its lower extremity 
to the triangularis sterni muscle. 

The xiphi-sternum (processus xiph- 
oideus) displays many varieties* of form 
and structure. It is a pointed process 
of cartilage, supported by a core of ^bone 
comiected above with the lower end of 
the body of the sternum, and havifig its 
lower extremity, to which the linea alba 
is attached, free. It lies somewhat pos- " 
terior to thS plane of the anterior surface 
of the mq;nubrium, and forms a floor to the V-shaped interval between the carti- 
lages of the seventh ribs. In this way^a depression is formed, the surface hollow 
cn correspondence with which is called the pit of t]je stomach or infras^miil 
depression. To the sides of this process are attached the aponeuroses of the 
abdominal muscles, whilst posteriofly the fibres of the diaphragni and triangularifii • 
sterfii muscles derive attachment from^t. It^rem^ns partly cartilaginous until/ 
middle life, at^ which time it generally undergoes, ossification, particularly at 
upper part, and beconies fused with the body. 01 varied forni, it may 
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Fig. 70. — The Sternum (anterior view). 
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with of spatula-shape, hifid, circular, pierc^ed in the centre, or twisted and deflected 
to one or other side, or turned forward, ^ > 

The sternum as a wjiole is broadest above where the first rib cartilages are 
attached. It becomes narrow opposite the second rib cartilages, but again expands 
until the level of the fifth rib cartilage is reached, below which it is rapidly 
reduced in width and ends below in the pointed xiphoid cartilage. Its position in 
the body is oblique from above downwards and forwards; its axis, if prolonged 
upwards, would touch the column opposite the third or fourth cervical vertebra. 
Though liable to changes in positiom by the rising and falling of the chest- wall, its 
upper extremity corresponds to the level of the lower border of the second dorsal 
vertebra, whilst the lower end of tli^ xiphoid cartilage usually falls in line with the 
disc between the tenth and eleventh dorsal vertebne. 



In women the Bternum is usually narrower and shorter than in men, and its position less 
oblique. 

i^cMtecture. — It consists of large-celled spongy bone, which is liighly vascular, and is con- 
tained be^een two layer^of thin compact tissue. • 

Ossification. — The cartilaginous sternum, developed from the fusion mcsially 
of two cartilaginous bands uniting the anterior extremities of tlie cartilages of the 
first eight ribs, begins to ossify 
about the sixth month of foetal 
life. About this time a single 
cventre appears in the manu- 
brium ; at birth this is well 
developed. Secondary epiphyses 
have been deesribed in connexion 
with the clavicular facets ; these 
do not unite with the rest of 
the manubrium till adult life 
^s reached. The bgdy formed 
by the fusion of four segments 
is ossified from independent cen- 
tres, either single or double, for 
each segment. These appear — 
the highest as early as the sixth 
month of in tra- uterine life — 
in some cases even before the 
manubrium has begun to ossify 
(Lambertz), the lowest toward the 
end of full term. The common 
arrangement metVith at birth 
is a single centre for the first, 
and double centres for each of 
the succeeding segments. 
iDctween these segments occurs 

rather irregularly, and is liable with ill, iu early childhood, 
to much* variation. The fourth 
unites with the third segment in early childhood, the third with the second about 
puberty, whilst the fusion of the second with the first ae^ment may not ije complete till 
the twentieth dr twenty-fifth t •*! 

The xiphiiternum usually ossifies from a single centre, which may appear as early as 
the thir4 year; though pftep ^ The xiphi-sternum^ u^^ witli the ' 

body about fqrty^ fifty, apd in exceptional elites osseous unidh and 

manubrium may occur in advaieed lifp^^ 

Variati6BS.-^The is liable to individual variations affecting its length 

and directidff. The mdority^^ o bones are asymiaetrical, disiplayi% irregiflarities in the 
the clavicular higher ebstd muaUjr the ^ 

side, than the bthei^ whilst; the» pre-mesbsteiS^ 

right A.ccoidi& ^Bu‘init)ghini; on the shbhldefcfey 

■ ;pressure;either:dlEet^fei^pM^Qr^ 

■ . .■Sonietimes-:iha: 
both sid^B; hht 

associated 



At birth. 


^ At 3 j^ars. 

Fig. 71.— Ossification o» the Stbbnum. 

Iu this figure the second as well as the third segiueut of the body 
possesses two centres. • 

1. Appears about 6th or 6th luputh. Appear about 7th 
month ; unite from 20 to 25. 8. Appear about 8th or Oth niouth ; 

III. segnieut unites with 11. about puberty; IV. segment unites 
“ 4. Appears aly>ut 3r^ year or later. ’ 
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extremities of the first eight costal arches. In some rare cases only six pairs of ribs articulate 
by means of their costal cai-tilages with fhe sternum. ‘‘ 

OceasionaJ-ly the j)i’esteriium supj)orts the fii*st three ribs ; in other woi’ds, the manubrium 
has absorbed tlie Inghest segment of the body. Keith has pointed out that this is the condition 
luost commonly met with in the Glibbon, and regartls its occurrence in man as a reversion to the 
siiriiian type. As iar as is at present known, its occiuTence seems more common in the lower 
races. Through errors of developinent the sternum maybe fissured throughout, due to failure 
of fusion of the cartilaginous hemisterna. The two ossilied halves are usually widely se]Daratcd 
above, but united together l/tilow b}' an arthrodial joint. The heart and pei'icardium are thus 
uncovered by the bone. Occasionallv this condition is associated with ecitonia (!ordis. under 
which circumstances life 

is rendered impossible. Tubercle 

Through defects in ossi- 
fication tlie mesosternum 
may be pierced by a hole, 
usually in its lower part, 
or through failure of 
lusion of the lateral cen- 
tres one or more of the 

segmenisof the body may ^^^Jjl^Sub-costal groove 

be divided 1 ongitud i n ally. 

Occasionally small ossicles are found in the ligaments of the 
sterno-clavicular articulation. These are the so-called cpisternal 
bones, the morphological signifiance of which, however, has not yet 
been satisfactorily determined. They are by some regarded as the 
honiologues of the intei-clavicle or epistenial bone of inonotremes. 


Angle 


Articular i^art 
of tubi^.rcle 


Nutrient tbrainen- 


Shaft- 


THE IITBS. 

The ribs (cosUe) of which there are twelve pairs, form a 
series of curved osseous bands which support the thoracic 
wall ; posteriorly they articulate with the dorsal or thoracic 
vertebrae, ^anteriorly each rib is provided with a costal 
.cartilage. The first seven ribs articulate with the sternum 
by means of their cartilages, and are termed the true (costae 
verae) or vertebro-stemal ribs. The lower five ribs are not 
so supported, and are described as the false ribs (costae 
'spuriie). Of these the eighth, ninth, and tenth are united 
hy, their cartilages to the cartilage of the seventh rib, and 
are called 'the vertebro-chondral ribs, whilst the last two 
ribs are free at their anterior extremities, and are named 
the floating oiwertebral ribs. 

A typical rib consists of a head (capitulum costae), 
a neck (collum costa3)‘ a tubercle (tuberculum costae), and a 
shaft (corpus postte), on which, near its posterior end, is the 
angle (angulus costae). ^ 

The head, placed on the posterior or vertebral end of 
the bone, is somewhat expanded. Internally its articular 
surface is wedge^ shaped and divided into two parts, an 
upper and lower, by a rid^e or crest (crista capituli), to 
which the inter-articular ligament is attached. Of these 
two facets- the lower is usually the larger, and articulates 
witli th^ upper facet on the body of the vertebra in 
numerical correspondence with it, whilst the upper facet is 
for the correspondjng hrea on the lower part of the body 
of the vertebra above. The head is supported by a !inore 
or less constricted bar of bone, the neck. This becomes 
continuous with the shaft externally, at which point there 
is a well-marked tubercle on its posterior surface. The 
anterior surface of the neck is smooth ; its posterior asp&t 
is rough, and pierced by numerous ‘amall holes for vessels. Here is attached th^^^ 
midilO coSto-trarisversp ligament. Not iincommpnly the upper border of ^ 
is lipped and ridged (crista colli costas), and affordb attachment to the 
costo-transver?e ligament. 


.For costal cartilage . 

...... 

Firf. 72.r*^FlFTH UlGHT IUb 
AS SEEN FROM BeLEW. \ 



The tubercle consists of an articular and a iioii-articular part; the former is 
internal to and below tne latter. Its articular surface, of roimded or oval shape, 
is directed downwards, back- „ ^ ^ 

wards, and a little inwarcR, 
and rests upon a facet on 
the transverse process of the 
vertebra in numerical cor- 
respondence wifli the rib. 

The noii-articular part, most 
prominent in the upper ribs, 
has the fibres of the posterior 
costo - transverse ligament 
attached to it. It is usually 
separated from the upper 
border of the neck and shaft — Fifth Right Rib as skkn fhom Behind. 

by a grdbve, in which lies 

the external branch of the posterior division of the thoracic nerve. 

The shaft (corpus costic) is thin, flattened, and band-like. Its length varies 
much ; the seventh and eighth, which are usually the longest, are from two and a ^ 
fialf to three times the length of the first and twelfth ribs respectively. The shafts 
are curved so as to adapt them to the form of the thoracic wall. More acute in 
tke upper members of the series, where the shafts are shorter, the curve opens out 
in thd middle and lower parts of the thorax, wliere the diameters of that cavity 
are greater. The curve, however, is not uniform. Including the whole length of » 
the bdlie, it will be seen to be most accentuated towards the hinder part, where, in 
correspondence with the point at which the bend is most pronounced, there is a 
rough ridge jplaced obliquely across the outer surface of the shaft ; this is the angle 
(angulus costae). The distance between the angle and the tubercle is greatest on 
1;he eighth rib; abofe that, the width between these two points gradually decreases ^ 
until; in the case of the first rib, the two coincide. Below the level of the eighth 
rib the distance slightly diminishes in conformity with the general* narrowing of 
the thorax below that level. ^ » 

•Gombined with this curve, there is in many of the ribs a twist. This may best'* 
be understood if the student will take a strip of stiff paper and bend it in the forrn 
of the curve of the rib. If, after he has done this, he pulls down the foi^ end and 
turns up the hind end of the strip, he wdll have imparted to the strip of paper a 
twist similar to that met with in the rib.* This appearance is l)e^ seen in the 
middle members, of the series, notably in the seventh and eighth ribs, above and 
below which it gradually becomes less marked. It is the ocdurrence of this twisty 
which prevents the extremities of the ribs, together with the shaft, from resting on 
the same plane surface. To this rule there are certain notable e:^eptions, viz. the 

first and second, the twelfth, and not infrequently the elevenibh. 

The shaft has two surfaces, an internal and an external, and two borders, a 
superior cand an inferior. The external surface, which is smoeth^ conforms to the 
general vertical convexity of the thorax, Toeing directed upwards in the fiist ribj 
upwards and/ outwards iii the higher ribs, outwards in the middle series, and outr 
wardb and slightly downwards in the tenth, deventh, and twelfth. Tl^ internal 
surfaces are: arranged conyejraely and are covered by the parietel pleura. ^Towards 
the sternal end of the/middle rifes;: wh tw^t is most marked, there 

is often an obliq^iie line across the outer surface. This is sometim^ referred to as the 
anterior angle. The upper herder of . the shaft is thick and rounded bebindj thinner ,, 
and sharper m frqiit^^ to it are attached the flbr^ of the internal and extornalinter^^^; 
costal mxiS^ig/^ Tl^ expense p| 

surfagej a.nd > is/byeriin . th^ 

groove (sulQUS40ost^is)/fcdbs / av^^ 

• The .intorcosfcai/v^elsi>lmd-vh^^S«^ytod^0^:-j#h^ 

floor 

m 
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The anterior or sternal extremity of ^ the shaft, often slightly enlarged, displays 
an ^ngatgd oval pit into which the costal cartilage is sunk. 

Peculiar Ribs.-“The first, second, tenth, eleventh, ^nd twelfth ribs all display 
characters by which they can be readily recognised. 

The first rib can be easily distinguished from the others by its size, curvature, 
and flattened form. The head, which is of small size, has a single oval or circular 
facet, which is directed inwards and slightly backwards for articjilation with the 
side of the body of tlie first dorsal vertebra. The neck is flattened from above 
downwards, and is slightly down-turned towajds the end which supj)orts thb head. 
Its anterior border is rounded and smooth ; its posterior edge rough for the attach- 
ment of ligaments. At the point where the, neck joins the shaft posteriorly, a 
prominent tubercle curves upwards and backwards. The inner and under surface 
of this process has a small circular facet which rests on a corresponding articular 

sui'face on the transverse process of the 
first dorsal verfebra. The angle coin- 
cides with the tubercle, and thus assists 
in emphasising its prominence. The 
surfaces of the body of the rib are 
directed upwards and downwards, it? 
borders inwards and outwards. If the 
finger be run along the thin inner 
border, a distinct spine or tubercle can 
be readily felt about an inch or an inch 
and a quarter from its anteripr ex- 
tremity. This is the scalene tubercle 
(tuberculum scaleni)for the attachment 
of the scalenus anticus muscle. There 
is a shallow, oblique groove crossing 
the upper surface of the shaft in front 
of this for the lodgment of the . sub- 
clavian vein ; whilst behind the 
tubercle there is another ‘ groQve, 
usually better marked, and passing 
obliquely forwards for the subclavian 
artery (sulcus subclavise). The space 
on the upper surface of the rib between - 
this latter groove and the tubercle 
posteriorly is somewhat rough, and 
affords attachment to the fibres of the 
scalenus niedius muscle. The anterior 
extremity of, the rib is thickened and 
often expanded for the reception of 
its costal cartilage, which is not 
infrequently ossi^ed? The under surface of the rib is smooth and is entered by 
pleura. The outer convex border, thin in front, is usually thick and rough behind 
the subclavian groove, where* it has attached to it the fibres of the first digitjition 
of the sei‘!fatus magnus. Along th?,s edge, also, are attached the external and 
in ternal ' intercostal muscles of the first intercostal space. The inner colicaye 
border is thin, and hp,s connected with it the aponeurotic expansion known as 
Sibsoifs fascia. < 

The second rib may be distinguished by the size of its curve ; the absence of 
any twist on its shaft, so that it can be laid flat on the table ; the obliijye directipii 
of the surfaces of its shaft, the outer being directed upwards and outwards; whilst 
•the inner is turned downwards and inwards; and the presence of a well-marked,^ 
rougii, oval area about the middle of its outer surface and lower border for payt ; 
of the first^j^and the whole of the sdlilond digitation of the serratus magnus muscl^^ 
Tlie^ head has two facets, and the angle in close to the,tubercle bosteriorly. 

The tenth pb has usually only a single articular, facet oU the head. 

The eleventh and twelfth ribs are recognised by. tiheif lengtli. Their h^a^ 



Fig. 74 . — First and Second Eight Ribs as seen 
FHOM Above. 
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usually large in proportion to their shafts, support a single facet for articulation 
with the eleventh and twelfth dorsal vertelSrse respectively. The tubercles are ill- 
developed, and have no articular facets. The angle is faintly inarlied on the 
eleventh, scarcely perceptilUe on the twelfth. Their anterior extremities are narrow 
and pointed, and tipped with cartilage. The subcostal groove is absent in tlie 
twelfth, and but slightly seen in the eleventh. The twelfth is considerably shorter 
than the eleventh rib. , 

Architecture. — Each rib consists of a curved and flattened bar of bone, the interior of which 
is loose ^id cancellous, whilst the investing envelope is compact. The inner table is much the 
stronger, attaining its maximum thickness opposite the angle — ^in front and behind which it 
becomes gradually reduced. The outer table, much thinner, is stoutest oj)posite the angle ; on 
the iposterior surface of the tubercle and* neck it forms but a thin layer. The compact layers 
forming the upper and lower borders are not so thick as those forming the inner and outer 
surfaces. The cancellous tissue, loose and open in the shaft, is most compact in the region of the 
head and towards the anterior extremity. 

Var^tions. — The number of ribs maybe increased or diminished. Increase anay occur hy 
the additiem of a cervical rib due to the indej)eiident development of the costal ehiiiient tii the 
transverse process of the seventh cervical vertebra. This may hajipen on one or botli sides. The 
range of development of these cervical ribs varies ; they may unite anteriorly with the sternum, 
or they may be fused anteriorly with the cartilage of the iirst rib, or the cervical rib may be 
free. It may in some instances be represented mainly by a ligamentous band, or its vertebral 
atid sternal ends may be alone devmoped, the intermediate part being fibrous. At times the 
vertebral end only may be formed and may be fused with the first rib, thus heading to the 
formation of a bicipital rib such as occui*s in many cetaceans. Increase in the number of ribs 
m^y also be due to the ossification of the costal element which is normally present in the embryo 
in conftexion with the first lumbar vertebra (Rosenberg, Morph. JahTV. i.). Rbduction in 
the number of ribs is less common. The twelfth rib rarely aborts ; in some cases the first rib is 
rudimeiftary. Cases of congenital absence of some of the ribs have been recorded by Hutchinson, 
Murray, and Ludeke. 

Fusion of adjacent ribs may occur. (Lane, Guy^s Hoajh Reports, 1883.) 

Variations in form may be in great part due to the occupation of the individual and the con- 
stricting influence of corsets. Independently of these influences, the fore part of tlge shaft is 
^metimes cleft so as to »ppear double ; at other times the cleft may be iiicompletti so as to form 
a perforation. Occasionally adiacent ribs are united towards their posterior part by jirocesses 
having an intermediate ossicle between (Meckel), thus recalling the condition nortoally met with 
in birds ; more usually, however, the bony projections are not in contact. 

The number of true or vertebro-stemal ribs may be reduced to six, or increased to weight (see 
ante*p. 93). 

Ossification. — Ossification begins in the cartilaginous ribs about the sixth ^^eek, and 
rapidly extends along the shaft, so that by the end of the third month it has reached the 
•permanent costal cartilage. The sixth and seventh ribs are the earliest to ossify. The 
first rib being the last (Lambertz). At puberfy, or before^, secondary centres appear; 
of these there are tl^ee— -an epiphysis for the articular surface^ of the tubercle, one for the 
non-articular part of the same process, and one for the head! By*the twenty-fifth year 
fusion between these and the shaft is complete. 


THE COSTAL CARTILAGES. 

The costal cartilages, of which there ^re twelve pairs, are fcars lof hyaline 
cartilage united to the anterior extremities or the ribs, into which they are recessed 
and held in position by the periosteum. Through* tliese cartilaggs the first 
seven^ibs are conneoted directly with the sternum by means of synoyial joints 
corresponding to' the hotohes along the ina]^ins of the breast bone. To thiS there 
is an exception in the case of the first rib, the of which is directly blended 

with the msAtibriwi tenth arefconped^ 

with the sternum by their unioa^^^m^ and their ^ticulatioh^ 

medium of the eighth miik the seventh rib cartihige ; whilst the eieventh; and 
twelfth carrife^ tip jfhe to vrhic^ add lie free m the mi^^ 

the fla^k. The costal cariaj^es increase^^^^^^ to ;the: 

l)elow which they beepme shorter- - ^ dovmwar<to aiifl 

inwards 

or. less horizoixtalfei^^SSi^Krd^^ 
turning 
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of a synovial joint with the ninth, the ninth with the eighth, and the eighth with 
the seventh. There are also surfaces for the articulation of the seventh with the 
sixth, and sometimes for the sixth with the fifth. 

Variations. — Occtisionally a costal cartilage is unduly broad, and may be pierced by 
a foramen. The number of costal cartilages connected with the sternum may be reduced 
to six or increased to eight (see p. 93). In advanced life there is a tendency towards 
ossification in the layers underlying the perichondrium, more particularly in the case of 
the first rib cartilage, in which it may be regarded as a more or less normal occurrence. 


THE THORAX AS A WHOLE. 


The bony and cartilaginous thorax is barre'i-shaped, being narrower above , than 
below, and compressed from before backwards. Its posterior w'all is longer than its 

anterior, and its trans- 
verse width, which 
'reaches its maximum 
opposite the eighth or 
ninth rib, is much in 
excess of its sagittal 
diameter. This is 
largely owing to the 
forward projection . of 
the thoracic part of the 
vertebral column into 
the thoracic cavity. 

The anterior wall 
is formed by the ribs 
and rib cartilages, to- 
gether with the sternuiii. 
The posterior wall 
comprises the thoracic 
part of the ^vertebral 
column and tlie ribs as 
far as their angles. 
Owing to the backward 
curve of the ribs, and 
the projection forwards 
of the vertebral bodies, 
the* antero - posterior 
diameter of the thoracic 
cavity is considerably 
greater on either side 
of the middle line than 
in the mesial jplane, thus 
allowing' for the lodg- 
ment of the rounded 



Fig. 75. — The Thoh^ix as seen prom the Front. 


posterior borders of the lungs. For the sariie reason the furrow on either *^side of 
the spinous processes of the thoracic vertebne is converted into a broad, groove, 
(vertebral groove), the floor of which is in part formed by the ribs as far as their 
angles. The grooves so formed are each occupied by the fleshy mass of the erector; 
spinm muscle. / 

The lateral walls are formed by the costal arches. The ribs which run 
obliquely from above downwards and forwards do not lie pai;fillel to each othej?, but:: 
spread somewhat, so that the iiitervals'^betweeii them (intercostal spaces) ar^ wide^v 
in front than behind. 

Tlje superior aperture or inle»t formed by the body of the first thoracic ; 
vertebra behind, the arches of the first«rib on gither side, and the upper borde%pfc 
the manubrium sterni in frqnt, is contracted and of renifOrnr shape. Thfe 
the inlet is oblique frorqi behind downwards and forwaH^^^ that in expiratian 
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upper Tx)rder of the steiipum lies on a leve| with the disc between the second and 
third thoracic vertebraj. I 

The lower aperture, of ^ large size, is bounded in the middle line behind by the 
twelfth thoracic vertebra ; 
passing thence the twelfth 
ribs slope outwards, down- 
wards, and foi'Tyards. From 
these a line carried horizon- 
tally forwards from their 
tips touches the end of the 
eleventh rib, and then curving 
shglitly upward reaches the 
cartilage of the tenth rib. 

Here it follows the conflu- 
ent marffliis of the cartilages 
of the tenth, ninth, eighth, 
and seventh ribs, finally 
reaching the xiphoid cartilage, 

Vhere it forms with the costal 
margin of the opposite side 
the subcostal angle, the 
silmmit of which coincides 
with the xiphi-stemal articula- 
tion ; ^n expiration this joint 
usually lies on a level with 
the intervertebral disc between 
the ninth and tenth thoracic 
vertebra}, and corresponds 
with the surface depression 
familiai’ly known as the pit 
of the stomach. The inferior 
apeytur» of the thorax is 
occupied by the vault of the 
diaphragm. 

Ill the foetal condition the 
• form of the thorax differs from 
that of the adult. It is laterally 
compressed — ^in this respect re- 
sembling the simian type. Its Pw. 76 .— Thk Thorax as sbb.v brom thb Biohi; Sidb. 
autero - posterior diameter is 

relatively greater than in the adult. At birth changes in* form take place dependent on 
the expansion of the lungs; during subsequent growth, the further expansion of the 
thoracic cavity in a transverse direction is correlated with the assumption of the erect 
posture, and the use of the fore-limbs as prehei^ile organs. • * . ' 

'Sexual Differences. — The thorax of the female is ^usually described as being 
proportionately shorter and rounder than the male. It plSo tends to narrowness ki the 
lower^egmenti It is hardly necessary to point out that the natural fipraa is often 
modified by the lire of tight or ill-fitting Corsets. * / * 
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The cranium cerebrale is composed pf the occipital (oa occipitale), the sphenoid 
(os sphenoidale), the ethmoid (os ethmoidale), and the frontal (os frontale), the two 
parietals (ossa parietalia), and ^le two temporals (ossa temporalia) — eight bones in all. 

The bones of the face (cranium viscerale, ossa faciei) include the following 
Two single, viz. the vomer (vomer), and the inferior maxilla or mandible (mandibula), 
and twelve bones, aiTanged in pairs, Adz. the superior maxillary (maxillae), malar (ossa 
zygomatica), palate (ossa palatina), together with the lachrymal (ossa lacrymalia), 
nasal (ossa nasalia), and inferior turbinated (conchse iuferiores) — ^fourteen bones in aU. 

Accoiding to the scheme of international nomenclature, the inferior turbinals, the 
lachrymals, the nasals, and the vomer are included under the cranium cerebrale, and not 
with the cranium viscerale. < 

The hyoid bone is usually described along with the skull. If, in addition, the 
bones of the middle ear, three on each side (malleus, incus, and stapes), be in- 
cluded, the skeleton of the head consists of twenty-nine bones.. 

The separate bones will first be described, and then the Skull will be osnsidered 
as a whole and in section. 


THE SEPARATE BONES OF THE SKULL. 


' The Frontal Bone. 

The frontal bone (os frontale), situated in the fore part of the cranium, is. a 
single bone formed by the fusion in early life of two symmetrical halves. It con- 
sists of a frontal part, which corresponds to the region of the forehead ; an orbital 


Frontal eminences 



Eio. 77. — Fboktal Bonb (Anteiior View). 


part, which enteia in l;he structure of the roof of the orbits ; and a nasal part, which 
assists in forming the roof of the nasal fosssB. ‘ 

The frontal part (pars frontalis) is the shell-like portion <rf the bOne Which 
rises upwards above the orbital arches. ^ Its external surface ris, roundfed from side 
‘ to side and from above downwards. This convexity, is, most pronounced* About 
IJ inches above the orbital raaigins on either side of the middle line, oonstitutinig; 
what are known as the - frontal Eminences (tuhera frontaUa). These marfc^^ t^^^^ 
ordinal sites of the -centres from which the ossifies. The low^er i^ 
this part, is formed on either side of the middle lihe by the onryed orbijW 
niii. rginB (margines ’ supraorbitales), the outer And to which 
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constitute the external* and internal angular processes I'espectively. The latter 
descend to a lower level than the former, and articulate with the! lachiymal 
bones, being separated frpm each other by a rough articular surface — the nasal 
notch for the nasal and superior maxillary bones. The curve of the orbital 
margin varies in different individuals and races; towards its inner third it is 
crossed by a groove, not iinfrequently converted into a foramen — the supraorbital 
notch or foramep. (incisura sive foramen supraorbitalis). ‘Through this there pass 
the supraorbital nerve and artery. Above the supraorbital margin the character 
of the bone displays marked differ^ces in the two sexes : in the male, above the 
* interval between the two internal angular processes, there is usually a well-marked 
prominence, called the glabella, from this the fulness extends outwards above the 
orbital margin, varying in degree and extent, and forming the elevations known as 
the supraorbital or superciliary ridges (arcus superciliares). The prominence of 
these naturally reacts on the character of the supraorbital margins, which are thicker 
and mor^rounded in tl)^ male than in the female. Passing upwards over the glabella, 
the remains of the suture which originally separated the two halves of the frontal bone 
can usually be seen; above this point all trace of the suture is generally obliterated. 
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Pig, 78. — Frontal Bone as seen from Below. 

Extending upwards frpm the external angular pi-ocess ig a w^p-marked ridge, 
vrhich chides upwards and slightly inwards, then turning backwards it arches 
across the lateral aspect of the bOue. This is the temporal ridge or crest (linea tem- 
poralis), which serves to separate the anterior surface of the fit>ntllil portion of the 
bone from its temporal ae^pect. The latter (facies tempqgalis) forms the floor of the 
uppej^ and antdrior part of the temporal fossa, and serves for the attachment of the i 
tempofal'mriBcle..:\;A^/' 

Thie orbitedi part of ^ consists of two traiisyersel;f curved 

plates, each having ihe;;form of a sextant ; their inniOT edges, which are cellular,, liC 
parallel to each omC^ And aife sepaxated^^ ih ; thd^ postenor 

notch (incisum ethmoidslis)/ tn ethmoid bond is: Iw^A ; The edges of ; 

the notch ph either side end 

etlunQidiil':f<Shu9iim;vBhiQhdrt;ddmple|dd'^^^ 
transjBDits the ihterhdl bmhehef thdnairtltimi:^^ 
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forwards, and enters into the forniationr of the narrow roof (pars nasalis) of the 
nasalcfosssG*' Anteriorlj^ the nasal notch is limited by a rough U-shaped articular 
surface, the median part of which articulates with the nasal bones, whilst on either 
side the nasal i^rocesses of the superior maxilhe are united with it. Behind this, 
amid the broken cells, the passages leading into the frontal sinuses are readily 
distinguished, and here the inner edges of the orbital plates articulate with the 
lachrymal bones. ' « 

The orbital plate is tliiii and brittle. In front it is bounded by the superior 
orbital margin, just within which, midway between tlie internal angular process 
and the supraorbital notch there is a small shallow depression (fovea trochlearis), 
often displaying a spicule of bone arising from its edge (spina trochlearis), which 
affords attachment to the ]:)ulley of the superior oblique muscle of the eyeball. 
Externally the orbital plate is overhung by tlie orbital margin and the external 
angular process, and in tlie hollow so produced (fossa glandular lachrymalis) the 
lachrymal gland is lodged. Tlie extremity of the external- angular proq^ss (pro- 
cessus zygomaticus) articulates witli tlie frontal process of the malar bone. Behind 
this the irregular edge of the orbital plate is united with the great wing of the 
^ siihenoid by a triangular area, which also extends on to the inferior aspect of 
the temporal sui’face of the frontal bone. The apex of the orbital plate, for the 
space of about half an inch, avticulates with the lesser wing of tlie sphenoid. 

The cerebral surface of the bone forms a fossa in which lie the fore and under 
parts of the frontal^ lobes of the cerebrum, the convolutions of which impress, their 
.form on the inner aspect of the bone. Here, too, on either side of the middle line, 
may be seen depressions for the lodgment of Pacchionian bodies. Descending from 
the centre of the upper margin of the bone is a vertical groove, the firontal sulcus ; 
narrowing below, this ends in a ridge — the frontal crest — wliicli nearly reaches 
the fore part of the ethmoidal notch, where it terminates in a small orifice, the 
foramen fcaicum, placed usually in the suture betw'een the fore, part of the ethnioicl 
' and the frontal. This foramen may, or may not, transmit a small vein from the 
nose to the cocnmencement of the superior longitudinal sinus. This sinus, which 
is interposed between the layers of the falx cerebri, is at first attached to the 
# frontal crest, but subsequently occupies the frontal sulcus. Deeply coiicaVe fBorn 
side to side and from above downwards, the lateral aspects of the fossa are seen tc 
bt5 traversed by small grooves for the anterior branches of the middle meningeal 
arteries. Below, the orbital plates bulge into the floor of the fossa, so that the 
ethmoidal notch appears recessed between them. On either side of the notch faint 
grooves for the meningeal branches of the ethmoidal vessels may bo seen. The 
circumference of the* fossa is formed by the serrated edges of the bone whicli 
articulate with the parietals above, and on either side below’ with the groat and 
lesser wings bf tjie sphenoid. 

Connexions. ;-^Tlio frftntal articulates with twelve bonei?, viz. ‘'posteriorly with the parietals 
and sphenoid ; externallv with the luaJai’s ; inferiorly and internally with the nasals, superioi 
luaxilla*., lachryiiials, and ethmoid. 

ArcMtectura.-'-Tlie frontal ]>oue i.s coiiq^-sed, like the otlier bones of the cranial vault, oi 
two layers of coTU])act tissue, enclosing between them a layer of spongy cancellous texture — the 
dij)loe. Ill certain definite situations, owing to the absorption of the intermediate layer, the 
bone is hollow, 'forming the frontal air sinuses. The position and extent of these is to some 
extent iiplitiiited by tlie degree of ju’qjection of the siij^erciliary ridgt^s, though this must not lie 
taken as an absolutely reliable guide, for cases ai’e recorded where the ridges were low a*nd the 
sinuses large, and vice versa, i 01 iniicli surgical importance, these air-spaces only attain their full 
development after the a^e of puberty, being of laiger size in the male than in the female, a 
circumstance which accoimts for the more vertical appearancei of the forehead in woman as con- 
trasted with man. Usually two in number, they are placed one on either side of the middle 
line, and coniinunicale by means of the infimdibiiluni with the nasal fossa of the same side. 
It is exceptional to find the sinuses of opposite sides in communication avith each otheiv as they 
t are. generally separated by a complete partition which, however, is occasionally much deflected 
to one or other side. Logiiu Turner (“ On the llliuuination of tlie Air Sinuses of the Skull, with 
some Ol>servatious upon the Surgical Anatomy of the Frontal Sinus,” Edin. Med,Joiim.MQ.j 1898) 
gives the avyrago diiuensioiis .of these sinflses as follows : — Height, 31 mm,, from the IfonlOr- 

nasftl iqierture uijwaifis ; Ijreadth, 30 mm., t.e. fkmi the septumt liorizontally outwards ; depth, 17 
mm., from the anterior wall .at the level of fr'onto-uasal sutuiife backwai^s'aloiig the ofbital xo^f. 
Exceptionally sinuses 'are smnetiuies met with extending backwards dyer the orliit.so as tq 
form a double roof to that sixice. Thei’e is a specimen iu the Oxfoid collection iiV Wliich tlie 



THE PAaiETAt BONES. 103 

sinus is so large, and extertls so far back, that ihe optic nerve is carried through it in a lH)uy 
tube. Another point of some i)ractical importance is tliat the sinuses are hard]|’^ ever^sviii- 
metrical. It is rare to meet with cases of their complete ahsenoe, although stimetimes the sinus 
on one or other side may be wafiting. ... 

Tlie external angular process, from the aiTangenicnt of its .surfaces and the density ot its 
.structure, is particularly well adapted to re.sist tlie pressure to which it is subjected when the 
jaw.s ate tirnily c]o.sed. . . , 

Variations. — That most iVe<[uenlly met with is a per.si.stence of 4 he .suture which UTiile.s' the 
two halves of tlie bone in the infantile condition : skulls displaying this junuliarity are teriued 
metopic^ The researches of various observers — Bi*oca, Ranke, (Iriiber, !Manoiivrier, Anoutchiiie, 
and Papillanlt {Rev, mens, de Fecolc AltthropoL de Purify anuee 6, n. 3) — ]>oint to the more 
* frequent occurrence of this nieto})ic suture in the higher than in the lower races ol man ; and 
Calmette* asserts its gmiter frequence ip the brachy cephalic than the dolicliocephalic byp^^* 
Separate ossicles (Wormian bones) may occur in the ivgioii of tlie. anterior fontanel le. The insion 
of these with one or other half of the fitintal explains how the luetopic suture is not always in 
line with the sagittal sutiii*e (Stieda, Anaf. Anz. 1897, p. 2!27) ; they occasionally persist, ho we ye 
and form by til eir coalescence a bregmatic bone (G. 2oja, Sn&niiji(‘(\ xvii. p. 70, Pavia). 

Turner (f7/iaZ/e?q/^r part xxix.) recoids aii instance ot dinvt ai'liculatioii ot the trontal 

with the o?bital plate of the .superior maxilla in a Bush skull, and other exaiiqjles ot tlit^ same 
anomaly, which obtains normally in the skulls of the chimpanzee and gorilla, have T)e(.*ii ob.'^orved 
{Journ. Anat. and Physiol, voL xxiv. p. 349). 

Ossification. — Ossitication begins in membrane from two centres, which appcju* aliout 
tlie sixth or seventh week, one on either side immediatelv above the orliital margin. By 
extension inwards and backwards from these the 
owbital plates are formed. Serres, Rambaud, and 
Keiiaidt and v. Ihgring describe the oceuiTeiice of 
tlitee pairs of secondary centres somewhat later : 
one pair for the nasal spine on cither side of the 
foramen ctecum ; a centre on either side in corre- 
spondence with the position of eacli trochlear fossa ; 
and a centre for each external angular process, 
fusion between thes^ secondary and tlio primaiy 
centres is usually complete about the sixth or 
seventh mouth of foetal life. At birth the two 
symmetrical halves of the bone are .separated ])y the 
metopic •suture, obliteration of which gradually 
takes place, so that about the fifth or sixth year it 
is more or less completely closed, traces only of tlie 
suture being left above and below. In about eight 
per cent of Europeans, however, the suture persists 
in the jwlult (see ante). At liirth tlie supraorbital 
notches lie near tlie middle of the supraorbital arches. 

Traces of the ffonfeil sinuses may be met witli 
about the second year, but it is only about the age 
of seven that they can be definitely recognised. From that time they ijperdtso in size till 
the age of puberty, subsequent to which time they attain their maxmiuiM development. 

The Parietal Bones. 

The parietal bones (ossa parietalia), two in numbgr, are placed on either side 
of tijp vault of the cranium, articulating with the frontal anteriorly^ the occipital 
posteriorly, and the temporals and sphenoid j»inferiorly. Each bohe pcfs^sses an 
exteiTdal and internal surface, four borders, and four angles. 

The external surf ac$y convex from above downwards and before backwards, 
displays towards its centre a more or less pronounced elevation, the parietal eminenoe 
(tuber paiietale). This marks the position of the primitive bssific centre, and liot 
unfrequently corre^ the point of maiimum width of the beaA . At a 

variable di^nce from the lower border of less parallel to it, two 

curved lines can usually be di»tiuguished ;^these.toge^ the temik>ral 

The supedor temiK>rid line (lin^^ tempoi^ia sui^Hor) ^ aitachipeht 

the tempprat fascia ; tl^ inferior temporri 
attachment of the temporal^^ rn^ 
detemiiM^: ' -tl^^ .'the ; 
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also affords origin to the temporal muscle, and is often fafatly marked by grooves 
which inditate the course of the middle temporal artery. 

Above the superior temporal line the bone is covered only by the tissues of the 
scalp. Near its upper border, and about an inch from its posterior superior angle, 
is the small parietal foramen (foramen parietale), through which pass a small 
arteriole and an emissary vein. 

The inner or cerehrat aspect is concave from side to side and fivmi above down- 
wards, moulded over tlie surface f)f portions of the frontal, parietal, occipijal, and 
temporal lobes of the cerebrum, it displays impfessions corresponding to the arrange- 
ment of the convolutions of tliese j)ortions of the brain. It also presents a series 
of well-marked grooves for the lodgment of the branches of the middle meningeal 
artery ; these radiate from tlic anterior inferior angle of the bone, the best marked 
running upwards at some little distance behind and parallel to its anterior border. 
Within the upper margin are a series of depressions for Pacchionian bodies, 
and also the bone is cliaiinelled so as to form a groove (sulcus sagittalis). 



wnicn is coiupierea oy articuiauou wiin irs leiiow oi une uppusitt; amc. vyiwuh 
this groove lies the superior Sopgitudiiial venous sinus, and to its edges the falx cerebri 
is attached. Idose to the inferior posterior angle there is also a curved groove, the 
lateral sfdcds, in which the lateral vBnous sinus is lodged. , 

The anterior, superior, and posterior borders are deeply serrated. The anterior 
articulates with tlie frcrntal bone, and constitutes the coronal suture ; the posterior is 
united with the odcipital bone, and forms the lambdoid suture. The superior border . 
articulates witli its fellow of the opposite side by means of the sagittal suture ; in , 
the interval between the two parietal foramina this suture is usually simple in its 
^outline. Tlie anterior superior angle (angulus frontalis) is almost rectangular, and 
corresponds to the site of the anterior fontanelle. posterior superior%ngle 
(angulus occipitalis), usually more pr less rounded, corresponds in position to the . 
posterior foutanelle. The vi>{/^cnor hordex is curved, and shorter than the others, it 
lies between the anterior and posterior inferior Angles.. Sharp ^nd bevelled at the 
expense of its outer table, it displays a fluted arrangejinent, and articulates with 
the squamous part of the tempoml bone. T\\s^ cmt^ior 
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sphenoidaJisX pointed and prominent, articulates with the great wing of the 
sphenoid. It is wedged into the angle formed by the imion of that boile wiUi the 
iTOntm, and 18 bevelled at tlie expense of its inner table anteriorly, whilst inferiorli' 
it IS thinned at the expense of its outer table. The postevior inferiov angle (au^ulus 
mastoideus) is a truncated angle lying between the inferior and posterior borders. 
It IS deeply serrated, and articulates with the mastoid process of the temporal bone. 
Ifot unfiequently there is a channel iii this suture wliicli trjtnsmits an emissary vein. 

Connexions.— The parietal boiie articulatas with its fellow, >vith the frontal, occij)itaL 
mastoid and squamous temporal, and witlt*the splienoid. ^ 

ArcMtecture.— Thin towards its lower part, where it enters into the formation of the 
temporalrfos^, it is thickest along the sii2>erior border and in the neiglibourhood of the posterior 
superior angle. • ^ 

Variations.— A number of cases have been recorded in which tlie parietal is divided into an 
antero-posterior suture i»aiallel to the sagittal suture. Coraini 
XLConjjr. Mitd. Interna^. Boma, 1894, voL v.) records a case in ivliich the parietal was in- 
completely divided into an anterior and ijosterior part by a vertical suture. The parietal 



’ • Fio. 81.— Right Paeietal JBoke (Inner Surface). * ' ' 

foramina vary greatly in size, and to some extent in position. Tl*ey arci sometimes absent on one 
They correspond in position to the sajittal fontanelle. ^Sometimes the 
ossincatipn of this fontanelle is incomplete and a small transverse fissure remains, ^he parietal 
foramen represents the patent exteniaf extremity of this fiasure after its edges have 

Ossification*— Os8i6cation takes place in membrane by the deposition of earthy 
matter, the centre for Avhich, most probably formed by the cosAcscenco 6f tiyo 
^pears ov^ the parietal eminente about the sixth or seveutH iveek of 
it spreads in a mdial ^mantier .towards . the edges Of the bono, however, the niothr ! 

brtoous cohditipn : still for some time persists constitutmg^ t^^^^ The^ 

spond m petition ; to^^be angles; of the boiie.^ sbmewhi^ 

the tegion of fOr^inay conetituting 

Itmei39!bmn<^:mteryal::whjehd8;.imt..unfre^csi1^ 
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occipital foramen or foramen magnum. , The expanded carved plate behind the 
foranjen istthe tabular or squamous part. The thick rod-like portion in front of the 
foramen is the basilar process. On either side tlie fQramen is bounded by the 
lateral or condylic portions. 

The tabular or squamous part (squama occipitalis) in shape somewhat resembles 
a Gothic arch, and is curved from side to side and from above downwards. It forms 
inferiorly a small portirAi of the middle of the posterior boundary of the foramen 
magnum, and unites on eitlier side of that with tlic lateral parts of the Vxme. About 
the centre of the external snrfcvce of the scjuama there is a prominence — the External 
occipital protuberance (protuljerantia occipitalis externa), which varies considerably 
in its distinctness and projection, and serves for tlie attachment of the ligalnentum 
nucluc. From the ]jrotuberance on either side two lines curve out towards 
tlie external angles of the bone. These are known respectively as the highest and 
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superior curved lines (liiieq, luichie suprenui and liiiea nucha* superior). To the 
u])per of tliese tlie epicraiiiaf aponeurosis is attached, whilst the lower serves for 
the origiiraf the trapezius and occipitalis muscles and the insertion of the storno- 
iiiasioid* and spleniiis capitis muscles. The two lines together serve to divide the 
external surface of the tabular part into an upper or occipital portion (planuiu 
occipitale), covered by the hairy scalp and a lower or nuchdi part (planum nuchale)* 
serving for tlie attachment of the liesliy muscles of the back of the neck. As a rule 
the ocoipitifl part bvdges backwards beyond the external occipital protuberance 
excgitionally, however, the latter procesg is the most outstancKng part of the boiie.:. 

The nuchal plane, irregular and rough, is divided iij.to two lateral halvea by a 
median ridge — the external occipital crest (linea nuchte mediana), which istretche^^ 
from the external occipital protubertKice above to the posterior bolder pf the foramen* 
maA^iuni bedow. Crossing the nuchal {ilane transversely, aboilt its midi^e, is thp- 
inferior curved line (linea nuclue inferior), which passes outwJitds and forwards on 
either side towards the lateral margins of the bone. ; 'The areas thus 
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serve for the attachmeiit of the complexiis, obliquus superior, and rectus capitis 
posticus major and minor muscles. I ^ 

The internal mrfaee of Jthe squama, concave from side to side and from abovt? 
downwards, is subdivided into four fossoe by a crucial arrangement of riilges and 
grooves. The upper pair of fossa? lodge the occipital lobes of the cerebrum, tlie 
lower pair the lobes of the cerebellum. Ne^ar the centre of this aspect oi the b(.)ue 
is the internal occipital protuberance (protuberantia occipitahs interna), an irregular 
elevation, the sides of which are variously channelled according to the <iisi)osition 
of the grooves. I^eading from this to the hinder mai'giii of the foramen inagiunn 
is a sharp and well-defined ridge, the internal occipital crest (ciista occipitalis 
interna), *which serves for the attachment of the falx cerebelli, a jn*ocess of dura 
mater which separates the two cerebellar liemisplieres. Passing upwards from the 
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internal ocoipital protuberance there is usually a well-marked, tid^, to onspr 0 her 
side of wi 4 eh> more frequentl;^ the r^ht (with the bone in the noriaal p98inou and 
viewed froni behind^), tfijere is a well-<iefined groove, the solcjs sai^tt^/ the oti^r 
lip ol v^ch is generalfy lesa.prominent. Placed itt tl^jgi^yfe is the: sup^or 
longitndihal yeaous sinus, ana attached' to the Upa ifiu t^e fajjxfcarebii.'-^ At ^ 
an^es to th|) for'^oing, and at the level of ^the internal o^ipi^ protdl>ars>h^, wiili 
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be placed to one or other side of the internal occipital protiiberancef more frequently 
the r,iglit ;<im some cases, however, it may occupy a central position. 

The superior angle, more or less sharp and pointed,, is wedged in between the 
two parietal bones, its position con*esponding to the site of the posterior fontanelle. 
The lateral angle articulates on either side with the jjosterior extremity of the 
mastoid portion of the temporal bone. The superior borders, much serrated, articu- 
late with the parietal bones forming the lambdoid suture ; and tthe lateral edges^ 
extending from the external angles to the jugular process inferiorly, are connected 
with the inner sides of tlie nuistoid portions of the temi)orals. ^ 

The lateral or condylio parts of the occipital bone (partes laterales) are placed 
on either side of the foramen magnum; on, their under surface they bear the 
condyles (condyli occijn* tales) by means of which the skull articulates with the 
atlas vertebra. Of elongated oval form, the condyles are so disposed that their 
anterior extremities, in line with the anterior margin of the foramen magnum, lie 
closer together than their posterior ends, which extend as fa^' back as the^ middle of 
the external borders of the foramen. Convex from before backwards, they are 
skewed so that their surfaces, which are nearly plane from side to side, are directed 
slightly outwards. Each is supported on a boss of bone, pierced by the anterior 
condylic foramen (canalis hypoglossi), which opens obliquely from within outwards 
and forwards on the floor of fossa called the anterior condylic fossa, situated just 
ext.eriial to the fore i)ai t of the condyle. The foramen transmits the hypoglossal or 
XII. cranial nerve, together with a meningeal branch of the ascending pharyngeal 
artery and' its conqWnion veins. Behind the condyle is placed th8 posterior condylic 
fossa, in the floor of which the posterior condylic foramen frequently opens. Through 
this a vein passes which joins the lateral sinus. The edge of the foramen magnum 
immediately behind the condyle is often grooved for the passage of the vertebral 
artery around it. flutting out from the posterior half of the condyle is a stout bar 
of bone,' serially homologous with the vertebral transverse ^process — this is tli/5 
jugular process (processus jugularis) ; deeply notched in front, its anterior border 
is free and \ounded, and forms the posterior boundary of the jugular foramen. 
Curving outwards from this margin, in line with the anterior condylic foramen, 
there is 6ften a small pointed piojection, the processus intra-jugulare, whidli serves 
to divide the jugular foramen into two compartments. Externally the jugular 
irroccss q.rticulates by means of a synchondrosis with the jugular surface of the 
petrous part of tlie temporal hone. Its posterior border is conilueut with the lower 
and lateral portion of the occipital squama, and its under surface is rough and’ 
tuljercular for the attaclimeiit of the rectus capitis lateralis muscle. The superior 
aspect of tlie lateral part displays on either side of the foramen magnum an elevated 
surface of oval form, the tuberculum jugulare ; this corresponds to the part of the 
bone which bridges o^^^r the canal for the hypoglossal nerve. Its upper surface in 
many instances, iiiisplijys an oblique groove running acroso it ; in this are lodged the 
glosso-pharyngeal, vagus, and accessory nerves. The jugular process is deeply 
grooved above f(^r the lower part of the lateral blood sinus, which here turns round 
the anterior free edge of the process into the jugular foramen. Joining this, close 
to its inner edge, is the op^niing of the jiosterior condylic foramen when that canal 
exists. . ‘ 

The. blEuailar part of the occipital bone (pars basilaris) extends forwards and 
upwarils from the foramen magnum. Its anterior extremity is usually sawn across, 
as after adult life it is necessary to sever it in tliis way from the sphenoid, the 
cartilage nniting'^ the two bones liaving by tJiat time become completely ossified. 
Broad and tliiii behind, it narrows and thickens anteriorly, where on section it 
displays a tpiadrilateral form. Projecting from its under surface ^ some little 
distance in front of the foramen magnpm is the pliaryngeal "'tubercle (tuberculum 
' pharyngeum) to \vhicli the fibrous raphe of the pharynx is attached;, on either side 
of this tlie rectus capitis anticiis major and minor muscles are inserted. The upper ^ 
surf ace a broad and shallow ^oove which slopes upwards^and forwards fro^ 

the” thin anterior inai^in of the foramen nmgniui\] in this' rest® 
oblongata."* Oi\ either side its lateral edges are faintly grooved for the inferior 
petrosal venous sinuses, belovr which the lateral^aspedt bf the bone is rough for 



IHE qcyiPITAL BONE. 109 

. « ■ 

cartilage which unites it^to the sides and apex of the petrous part of the temporal 
bone. I 

The foramen magnum, of oval shape, so disposed that its long axis lies in the 
sagittal plane, is of variable* size and form. The plane of its outlet dilTcrs somewhat 
in individual skulls; in most instances it is directed downwards and slightly 
forwards. In front the cond 3 des encroach upon it, and narrow to some extent its 
transverse diamejber. To its margins are attached the ligaments which unite it 
with the atlas and axis. Through it pass the lower part of the medulla oblongata 
where it becomes continuous with tlie spinal cord, the two vertebral arteries, the 
spinal accessory nerves, and the blood vessels of the meninges of the upper part of 
the cords 


Oonnexions. — The occipital bone articulates with the two parietals in front and above, with 
the sphenoid in front and below, with the two temi>orals on either side, and with the atlas 
vertebra by means of its condyles. 

Architecture. — The squamous i^art displays thickenings in the position of the various ridges 
and crests, ihe stoutest pal^t corresponding to the internal and (external occipital protuberances, 
though it should be noted that the two protuberances do not necessarily coincide, the internal 
being, as a rule, placed at a higher level than the external. If the bone be held up to the light 
it will be at once apparent that it is much thinner where it forms the floor of tlie inferior Ibssje 
thaii in the tipper part. The basilar portion consists of a spongy core surrounded by a more 
compact outer envelope, thickest on its lower surface. In the condyles the spongy tissue is 
arranged radially to their convex articular surfaces, the hypoglossal canal being surwjundefl by 
particularly dense and compact bone. 

* Variations. — The most striking of the many variations to which this Ixrne is subject is the 
separation of the upf>er part of the occipital sjjiiama t«> form an indepeifdent boiifi — tlie inter- 
parietal bone, called also, from the frequency of its occun*ence in Peruvian skulls, the ns Incte. 
As will^e seen below (see ossificiitiou), the occun*euce of this anomaly is exnlained development- 
ally. In place of forming a single bone the interparietal is occasionally met with iii two 
symmetrical halves, and instances have been recorded of its occurrence in three or even four 
pieces. In the latter cases the two anterior parts form the pre-inteiq)arietals. The articular 
surface of the condyles is sometimes divided into an anterior and posterior part. Tlie so-called 
fliird occipital condyle ts an outstanding xu’oeess rising from the anterior boi*der of tl* foramen 
magnum, the extremity of which articiuates with the odontoid ]>roces8 of the axis. Springing 
from the under surface of the extremity of the ju^lar 

j)rocess, a rough or smooth elevated surface, or else a f ^ 

projecting process, the extremity of W’liich may articu- | , # 

late* with the transverse process of the atlas, is some- 
times met with. This is the paroccipital or para^ 

mastoid process. Numerous instances ol fusion of the * 

atlas with tlie occipital hone have been recoided. Many 
, are, no doubt, pathological in their origin ; others are ' 

associated with errors in develojimeut. IntcrcRting ^ 

anomalies are these in which there is evidence of the 
' intercalation of a new vertebral element between the 
atlas and occipital, constituting what is termed a 

Ossification. — The major part of the bone 
ossifies iu cartilage, the upper part of the squama 
(interparietal), alone develo]>iiig in membrane. The 
basilar iili^ begins to ossify about the sixth jveek 
of fmtal life by the appearance of two centres, one - 

in front of the other ; the anterior, according to .• yfl|||lk ' ' ■ jfjMM 
Albr^ht> constitutes the basiotic, the posterior the 

bosiooripital. These two centres— which there is ^ \ 

some reaison to beUeve— may themselves be formed 
by the fusion of ^irs placed kterally, rapidly unitp, 

so that the o»o centre alone is ^ '/ir- 
freq^uently described. Fri)m this the fore part of lio. 8i.-^ssmcArioi7 of 
tbe 

together mth ;a portion of tho antenor eod af tto irf TtBrtri.iy •- ^ 

oc6ipi^ condyle on either rfside. It helpaVi^ ; t, 

jto : c]i^ up the front of tile antmbr oondyilb 




^ Union with the cbndylic parts .Is. 
Metb;;ah9U,t\tlie!-:foibJli;.;M 'yew<;,,,Arf33neis' 
oolitTOen 1^.: ^ 


Iftroen tite splieptdd 'wt^ about; . 



110 OSTEOLOGY. 

r 

the end of the second month of foetal life. The notch for thg hypoglossal canarappears 
about the ^third month. From this centre is formed the posterior three-fourths of the 
occip^ital condyle. The exoccipital is usually completely fused with the squama by the 
third year or earlier. ^ 

As already noted, the squama consists of two parts — the one above the occipital crest, 
the other below it; the former develops in membrane, the latter in cartilage. In a 
three-months hntus this ditterence is very characteristic. The cartilaginous part (supra- 
occipital) begins to ossifjr from two centres about the sixth or seventh week, which 
rapidly join to form an elongated strip placed transversely in the region of the occipital 
Ijrotubcrance. "I'he centres for the upjier part (irfterparietal) appear later. According to 
Maggi {Arch. Ital. Biol, tome 26, fas. 2, p. 301), they are four in number, of which two 
placed on either side of the middle line appear about the second mouth. The either pair, 
placed laterally, are seen about the third month ; fusion between these takes place early, 
but their disposition and arrangement explain the anomalies to which this part of the 
bone is subject. The mesial pair may persist as separate ossicles, or fuse to form the 
pre-interj>arietals, wiiilst the lateral pair may remain independent of the supraoccipital as 
a single or double interparietal bone. Union between the supraoccij)ital ainF the inter- 
parietal elements occurs about the third or fourth month ; but evidence of their separation 
is frequently met with even in the adult by the persistence of a transverse suture running 
inwards from each external angle of the squama, or, as above mentioned, there may be an 
os Incie. Tlie supraoccijiital forms a small part of the middle of the hinder border of tlie 
foramen magnum, tliough licfe a small independent centre, known as the ossicle of 
Iverkring, is oecasionally met with. Other independent centres are sometimes s^en 
between the supraoccipital and the exoccipital s. r 

At birth the occi])ital consists of four parts — the interparietaf and supraoccipital 
combined, the basioccipital, and the exoccipitals — one on either side. t 

The Temi^ohal Bones. 

Tlio temporal bone (os teinporale) lies about the centre of the lower lialf of either 
side of the skull, and enters largely into the formation of the cranial base. It is 
placed betwebu the occipital behind, the parietal above, the sphenoid in front, and 
the (Kicipital and sphenoid internally and below. At birth it consists tof three 
parts — an ii])per and outer part, the squamous or squamo-zygomatic portion ; an inner 
apd ])osterior portion, the petro-mastoid, which contains the organ of hearing, 
together Svitli tliat specially associated witli ecpiilibration ; and an under or tympanic 
part, from which the Hoor and anterior wall of the external auditory meatus is, 
formed. 

Tlie squamous ^art (pars squamosa) consists of a thin sheH-like plate of bone 
placed vertically, liaving an inner (cerebral) and an outer (temporal) surface and a 
semicircular,^ upper border. Iiiferioiiy, behind, and iiilernally it is fused in early 
lire with the jietro-mastoid portion by means of the squamoso-mastoid and the 
petro-sqiiamosa!l sutures, traces of whicli are often met with in the adult bone; 
wliilst below and in front it is separated from the tympanic and petrous parts by 
tlie Glaserian fissure. Its exte^rnal smface, smooth and slightly convex, ei^ters into 
tlie formation of the floor of tlie temporal fossa, and affords attachment to the 
temporal muscle. Near its* liinder part it is crossed by one or more ascending 
groi>ves foi;tlie braiicliCKS of the middle temponrl artery. In front and below' there 
springs •iTom it tlie zygomatic process (processus zygomaticus). Tliis arisen by a 
bioiul attachment, the surfaces of which are inferior and superior ; curving outwards 
and forwards, it tlieVi becomes twisted and narrow so that its sides are turned 
inwanls and outwards and its edges directed upwards and downwards. Anteriorly 
it ends in an obli(|ue serrated extremity which articulates with the zygomatic pro- 
cess of the malar bone, rosteriorly the edges of this process separate and are 
termeil its roots. The upper edge, whicn liecomes the posterior root, sweeps^ back 
over the external auditory meatus, and is confluent with a ridge, the supra-mastoid 
crest, whicli curves backwards andwajightly upwards, and serves to define the limit' 
of file temporal fdssfi posteriorly. The vnferioi\edge turns inwards and constitute 
the anterior root; the under surface of this forms a transyersely-piace(i rounded 
ridge, the artirtilar eminence (tuberculiim articulare)! beiiind which there ip a deep 
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hollow,’ the glenoid fossa ossa mandibularis), limited posteriorly by the tympanic 
plate, and crossed at its deepest part by* an oblique fissure, the "oiascfian fissure 
(tissura petro-tympanica). This cleft, which is closed externally, transmits about 
its middle the tympanic branches of the internal maxillary artery, and lodges the 
slender process of the malleus. At its inner end the lips of this fissure are 
frequently separated by a thin scale of bone, a downgrowth from the tegmen 
tympani of the petrous j^art, wliich here separates the tympanic from the squanious 
elements, forming in its descent the major part of tlie outer wall of the osseous 
Eustachian canal, which lies immediately internal to it. Between tliis scale of bone 
and the i^osterior edge of the fissure tliere is a small canal (canal of Huguier), which 
transmits the chorda tympani nerve. The part of the glenoid fossa in front of tlio 
fissure articulates with the condyle of the inferior maxilla, through the inodium 
of the interarticular cartilage, which is here interposed and rests as well on the 
tiiberculum articulare. Anteriorly the part of the fossa behind the fissure is non- 
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articular and lodges a portion of the parotid glaiid. At the* angler formed by the 
divergence of the two roots of the zygoma, in correspondence with the outer part 
of the articular eminence, there is a rounded tubercle ; to tliis lire attached the 
fibres of the external lateral ligament of the teinporo-maudibular joint. Ifi front 
of the inner end of the articular eminence there Binall triangular surface, 
limited in front by the edge of the anterior root, and internally by a {hjolk serrated 
margilh which articulates with the outer side of the great wing of the sphenoid ; 
this area forms part of tlie roof of the zygomatic fossa. Just anterior to the 
external aiiditpry meatus and projecting downwards from the un^er surfa^ of the 
posterior root there is a conictfl process, called the |K)s1rgl0ndid tubercle, which fornis 
a proinineht anterior Up to the external extreimity of. the Glaseriau Ussure ;; U 
representatlye in man of a process which occurs in some manunals and prevents the 
baekyai^ displakiemen^^ jaW; ? ^y some ai^ referred to 

the iniddle-rbot; of -the- zygoma. ; 
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the roof and posterior wall of the external auditory |ueatns, where it* unites 
inferiorly (with the tympanic plate. In the adult this process is occasionally 
sharply defined posteriorly by an oblique irregular fissure, the remains of the 
masto-squamosal suture. 

Professor Maceweii has’ pointed out that this suture frequently remains open till 
puberty and occasionally after, and may be of importance as a channel along which in- 
fective processes may extend. t 


The inner surface of the squamous part, l^ss extenswe than the outer aspect 
owing to the bevelling of the superior border, is marked by the impression of the 
convolutions of the temporal lobe of the cerebrum, and is limited below by the 
petro-sciuamosal suture, the remains of which can frequently be seen. It is crossed 
in front by an ascending groove for the middle meningeal artery, branches from 
which course backwards over the bone in grooves more or less x^arallel to its upper 
border. 
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The superior border of the squamous part is curved, sharp, and scale-like, being 
bevelled at tlie expense of its inner table, except in front, where the margin is thick 
and stout. Here it articulates with the gieat wing of the sphenoid, its linioti with 
that bone extending to neaf the fore part of the summit of the curve, beliind which 
it is unite/l^to the parietal overlapping the lower border of that bone; posteriorly 
tlie free ‘‘margin of the squamous part ends at an angle formed between it ar.d the 
mastoid process called tlie incisura parietalis. 

The tympanic pait (pars tympanica) of the temporal bone forms the anterior, 
lower, and part of the posterior wall of the external auditory meatus. Bounded 
in front and above by the Glaseriaii fissure, it forms the hinder wall of the non- 
art icular part of the glenoid fossa. Fused internally with t*he petrdus part, its 
.lower edge, sharp and well defined infernally, splits to enclose the root qf the 
projecting styloid process, and is hence called the vaginal process. Externally it 
unites with tlie fore part of the mastoid process, and higher up with the descendingj: 
profess of the sqiiamoiis part, from botlin)f whiqh it , is separated by the anricular 
fissure (fissura tympano-mastoidea) tlu-ough which " the aurieulur bra»nch of 
vagus escapes.* Its free border, which foimis the anteriori lower! and Of the; 
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posterior border of the external auditory ;iiieatiis, is usually somewhat thickened 
and rough, and serves for the attachment of the cartilaginous part of the^anal^ 

The external auditory n^eatus (meatus acusticus extcrniis) is directed ol)li(|ueIy 
inwards and a little forwards, and describes a slight curve, the convexity of wliich 
is directed upwards ; of oval form, its long axis, near its orifice, is nearly vertical, but, 
as it passes inwards, inclines somewhat forwards so as to give a twist to the canal. 
Tlie upper margin of the outer orifice overhangs considerably the lower edge, but 
owing to the obliquity of the inner aperture, to wliich tlie membrana tympani is 
attachefl, the upper and lower walls tif the osseous canal arc nearly equal in length. 

The petro-mastoid part (pars petrosa et mastoidea) of tlie temporal bone, of 
pyramid&l form, is fused to the ijiner aspect of the tympanic and squamosal 
portions, extending behind them, however, to form the well-marked and prominent 
mastoid process, which lies posterior to the external auditory meatus. This process 
(pars mastoidea) forms a nipple-like projection, tlie size of which diilers considci-alily 
in different individuals# Usually larger in the male than in the female, its rougli 
outer surface and lower border serve for the insertions of the stern o-mastoid, 
trachclo-iTiastoid, and splenius capitis muscles. Within and below its pointed 
extremity there is a deep groove (incisura mastoidea), usually well marked, which 
gives origin to the j)osterior belly of the digastric muscle; whilst lying U) the inner 
side 6f this, and separated from it, by a more or less well-defined rough ridge, there 
can oftentimes be seen a narrow, shallow furrow, wliich indicates the course of the 
occipital artery. The inner surface of the mastoid portion forms^ iu])art, the lateral 
wall of the posterior cranial fossa, in which the cerebellar lobes are lodged. 
Coursiwg across this aspect of the bone there is a broad curved groove, the con- 
vexity of which is directed forwards and lies in tlie angle formed liy the base of the 
petrous i)art, tand its fusion with the mastoid portion. The depth to which the bone 
is here channelled varies considerably, and is important from a surgit^al standjioinl,, 
as herein lies the sjgmoid portion of the lateral venous sinus. Antei4orly the 
mastoid is fused with the descending process of the squamosal above, and lielow, 
where it is united with tlie tympanic, it enters into the formation of #the posterior 
wall of the external auditory meatus and the cavity of the tympanum. Above, its 
free* margin is rough and serriited, and articulates with the posterior inferior angle 
of the parietal; behind and below it articulates by a jagged suture with tlie 
occiiiital. Traversing this suture, or near it, is the mastoid foramen f(foramtTn 
mastoideum), which transmits a vein from tlie lateral sinus to the cutaneous 
occipital vein. ^ 

The petrous part of the petro-mastoid is of the foni^ of an elongatfid three-sided 
pyramid. By its •base it is united obliquely to the inner sides of the squamosal 
and tympanic parts. Its apex is directed inwards, forwards, and a little uji wards. 
Its three surfsices are arranged as follows : — ^The superior or ant&rioj^ lobks upwards, 
slightly forwards, and a little outwards, and forms part of the floon of tlie middle 
cranial fossa. The, posterior is directed backwards and inwards, and forms part of 
the anterior wall of the posterior cranial fossa. The inferior is^fwiqn on. tlie under 
surface o? the base of the skull, and is directed downwards. The borders are hamed 
respectively anterior, superior, and posterior. , • 

The anterior "border is short, and forms an acute Angle with the fore part of the 
sqiianjpus part within which is received the spinous part of the great ^ing of the 
sphenoid. too, the osseous Eustachian canal (cahalis musculotubarius) may to 

toen leading^^fe outwards from the summit of angle to reach the 

fore part of the oayity of the«tympanilin. On looking m is seen to 

bp divided intb t>yo unequal parts by an o^tous pariiat^^^ the <mhleiu^^ process 
(septum tompartmehtv; smaller the two (sehiicanalb 

tensor 

tubm the osseoto of av 
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jugular foramen, internal to which it Jias a shaip cuiwetl border, often grooved, 
reacl):ing tfc the apex. This groove, which is completed by articulation with the 
outer side of the basioccipital, lodges the inferior petrosg-1 venous sinus. 

. ITie superior harder is a twisted edge wliich is continuous with the upper margin 
of the groove for the lateral sinus posteriorly, and anteriorly and internally reaches 
the ai)ex of the bone. Euniiing along it there is usually a well-marked groove for 
the superior petrosal venous sinus, and near its inner extremity it is slightly notched 
for the passage of the trigeminal nerve. Along the entire length of this border the 
tentorium cerebelli is attached. 

On the inferior surface of tlie jietrous part, which is bounded in front by the 
anterior border internally and the tymjianic plate externally, and behind by the 

posterior border, the follow- 
ing structures are to be 
noted. Springing from and 
cnslieathed l;y the vaginal 
})rocess is tlie slender and 
])ointed styloid process (pro- 
cessus styloideus), tlie length 
of which A'^aries much. Piy'- 
jecting downwards and 
slightly forwards and in- 
wards, it aiTords attachments 
to the sfylo-glossus, stylo- 
hyoid, and stylo-pharyngeus 
muscles as wxdl as the stylo- 
li)Y)id and stylo-mandibular 
ligaments. Just behind it, 
and bet^ween it and the mas- 
toid process, is the stylo - 
mastoid foramen (foramen 
stylomastoideum), which lies 
at the anterior end of the 
digastric groove, and trans- 
mits the facial nerve and the 
stylo - mastoid artery. Im- 
mediately within the styloid 
process there is a deep, smooth, 
excavated hollow, the jugular 
fossa (fossa jiigularis), which 
is converted into a foramen 
(Jugular) hy articulation with tlie occipital hone. Ikdiiml and external to the fossa 
there is a small quadrilateral surface, Avhich is united to the extremity of the jugular 
process of., the j.>x 9 cei].)ital by a synchondrosis. Inside the fossa, on its outer 
asi>ec<i, or placed on its (External b.irder, is the opening of a small canal 
(canaliculus mastoideus),' ^yhicli passes outwards to open into the caiialis 
facialis, and transmits the auricmlar branch of the vagus (Arnold's nerve), which 
ultimatply*^ escapes through the auricular fissure (see ante). In front ^pf the 

jugular fossa and separated from it by a sharp crest, and just internal to the 
tympanic plate, is tli^Murcular opening of the inferior orifice of the carotid canal 
(canalis caroticus). Directed at first upwards, this cnmil bends at a right angle and 
turns forwards and inwards, lying parallel to the anterior border; reaching the fore 
part of the apex of the hone, it opens in front by an oblique ragged oiifi^^.e. llirough 
the canal the internal carotid artery, .accompanied by a plexus of sympathetic 
nerves, passes into the cranium. On the ridge of bone separating the jugulaf fossa 
from tlie carotid canal is the opening of a small canal (canaliculus tympanieusX 
thi;ough which tlie tympanic bmncYi of the glosso-phaiwngeal (nerve of Jacobspn) 
pasW to' reach the tympanum. Within the Orific^ of the 
smair ojieiiing or openings (canaliculi carotici tyiupauiei) niay bb nPtioe^ 
alford passage to the tyinpanic branches of the int^nai carotid artpry 
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sympathetic plexus. Iii» front of the juguli^r fossa, and internal to the orifice of the 
carotid canal, there is a V-shaped depression (fossula fenestrai cochleae), cli the floor 
of which and close to the posterior border is the orifice of tlie aqueduct or the 
cochlea (apertura externa aqiueductus cochleje). In the fossa is lodged the petrous 
ganglion of the glosso-pharyiigeal nerve, and the aqiieducf transmits a tubuhir pro- 
longation of the dura mater, which forms a channel of communication betwe(>u the 
perilymph of thq cochlea and the subarachnoid space. A small vein also j)asses 
through it. In front of and internal to the orifice of tlie carotid canal the 
under sftirface of the apex of the bohe corresponds to a rough (piadrilateral surface 
which forms the floor of the carotid canal, and also serves for the attachment of the 
cartilagitious part of the Eustachian tube as well as the origin of the levator 
palati muscle ; elsewhere it has attached to it the dense fibrous tissue wliich fills up 
the cleft (petro-basilar fissure) between it and the basilar process of the occipital bone. 

The superior or anterior surfar.e bears the impress of the convolutions of the 
under surface of the, temporal lobe of the cerebrum, whicli rests upon it; in 
addition, liowever, a distinct but shallow depression (impressio trigemini) near the 
apex, corresponding to the roof of the carotid canal, can be scon ; in this is lodged 
the Gasserian ganglion on the sensory root of tlie V. cranial nerve. External to the 
middle of the upper surface, and close to its posterior border, is tlie elevation 
(eminentia arcuata), more or less pronounced, which marks the position of tlie 
superior semicircular canal here lodged within the bone. A little in front of this, ami 
in ling with the angle formed by the anterior border and the squamous part, is the 
sjit-like opening df the hiatus Fallopii (liiatus canalis facialis), witliin the projecting 
lip of jvhicli two small orifices can usually be seen. These are the openings of the 
aquseductus Fallopii (canalis facialis) ; if a bristle bo passed through the inner of the 
two openings it will be observed to pass into the bottom of the internal auditory 
meatus, if into the outer, it will pass through the aciueduct of Fallopius, and, provided 
the channel be cleqflc, will aj)pear on the under surface of the bone at Hio stylo- 
mastoid foramen. Leading forwards and inwards from the hiatus towards the 
anterior border is a groove ; in this lies the great superficial potros^J nerve wliich 
jiasses out of the liiatus. A small branch of the mid<lle nioningeal artery also 
enters the bone here. A little external to the hiatus is another smafli opening 
(apertura superior canalis tympanici), often difiicult to see ; from this a groove runs 
forwards which channels the upper surface of the roof of the canal for the tensor 
tynipani muscle. Through this foramen and along this groove passes the lessor 
superficial petrosal nerve. Behind this, ami in front of the arcuate eminence, the 
bone is usually thin (as may be seen by holding it up to the light flllling through 
the external auditory meatus), roofing in the cavity of tlx^ tympanum and forming 
the tegmen tympani. Externally the line of fusion of the petrous with the squamous 
part is often indicated by a faint and irregular petro-sfpiamous fissure.* 

The most conspicuous object on iho posterior surface of the petyous part of the 
bone is the internal auditory meatue (meatus aousticus interims), which has aiii 
oblique oval aperture and leads outwards and slightly downwards inty the qubstance of 
the bonet giving passage to the auditory and facial nerves, together with the jpars inter- 
media. The canal ax-jpears to end blindly ; but if it l^pJarge, or still better, if part 
of it# bo cut away, its fundus will be seen to be cressed by a horixontal ridge, the 
falciforin crest, which divides it into two fossa?, the floors of which (iamiifoS qjpibvoste) 
are pierced by numerous small foramina for the branches of the auditory nerve and 
the Voi^els passmg to the membranous labyrinth, whilst in the fore and upper pari 
of the higher fossa the oriflejo of the liUopiaa wueduct (canalisf j^ialis), 
which the facial nerve passes, s^^ leading in the dilution of the hiatus 
(see i^nteX ; Exteriial the internal au<Utory m and al^ye it, close to the 
superior border, an ifregular depression, often faintly luarkedi with onC or ;two 
fprarilitta opening^^^^m be UbticeKL^^^^ T ftoeculiur fom (fp^ su1>arihat^X 

, l^t seen in ^oung hones/ where it f brie® i distjho rboess, which isy 
by the bulging x^usbd by fhe supeiri^ 

Which iteis placed; ^ lodj^s a 
this, s^p^ted a sinbdihi 
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in a naiTow curved fissure overhung by a sharp scale of bone. In this is lodged the 
ductus enaolyniphaticus. The ridge above it corresponds to the upper half of the 
posterior semicircular canal. r 

Connexions. — Tin* liiinporal bone articulates with tlie malar, spheuoi<l, j)ai*ietal, and occipital 
ovablc joint with the inferior maxilla. Occasionally the tcnijioral articulates 


bones, and by a movable , 
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FlU. 8^. — VlCll'r((?AI. 'rHANSVlSIlSK SkOTION through LBI'T 
Tkmi’oraj. Bonk (Auturior Half of Section). 


with the frontal, as hapi)eTis normally in the 
anthropoid apes ; although the regioli of the 
pterion is characterised by an X-like form in 
the 'lower races of man there is no ‘'evidence 
tliat the occurrence of a fronto-squamosal suture 
is more frequent in the hnyer than Vhe higher 
racesf, its occurrence l^tviug du<i to the manner of 
jusion of the so-called ejiiptcric ossicles with the 
sniToimding bones. 

Architecture. — The temporal bone is re- 
markable for the hardness and density of its 
]»etrous part, wherein is lodged «l.he osseous 
ial^yriuth which contains the delicate organs 
associated witli the senses of hearing and equi- 
libration. The middle ear or tympanum ]s a 
cjivity which contains the small auditory 
ossicles and is sepai*ated from tfie 
external auditory meatus by the 
membrana tyinpani. In front it 
coil I muni cates with tlie pjiaryux 
by tlie Eusta^'bian tulie ; hrMnd, it 
opens into the mastoid autnim and 
mastoid air-cells by the aflitus ad 
ai i tru m . Superiorh/, 1 1 is se jiara ted 
iVom the middle cranial fossa liy a 
thin plate of bone emailed the 
togimni tymjaini. Inferiorly, its 
Jloor is forVned in ].»y the rooV 
of the jugular fossa and tbe carotid 


canal. IntemoJhj^ it is related t-o the structures -whicJi form the*, iumu.’ e*ar, notably the cochlea 
and vestibule, in Jremt of whicli it is separated by a tbin plate ol lioiie from the carotid (■aiial. 
Curving over the cavity of the tyinjianum is the aquajductus Fallopii, 
the thin walls of which are occasionally deiicient. These dt?tails will be 
further d(*.alt with in the section devoted to the Organs of Sense. 

Variations. —The occurnmee of a deficiency in the lloor of tin* 
external auditory meatus is not iincommoii in the adulti. It is met willi 
commonly in the child till about the age of live, and is due to incomplete 
ossification of i''lie tyiiijianic plate. The line of the jietro-squ.aniosal 
sutiiri* is occasional iy grooved for the lodgment of a sinus (jietro- 
squaniosal) ; sometinres ‘the ])().sterior end of this is continuous with a 
canal which pierces the superior border of the bone and opens into the 
lateral sinu.s^ Anteriorly the 
gri >o ve may j )a.ss i n t ( > ^ a ca n a I 
which ]>ierces tlie root of the 
zygoma and ajqiears externally 
aiiovii the externiV extremity of 
the Glaserian fissure. Thesi’T are. 
the rem.ains of channels throipTh 
which the hhi^cid jiassed in thfe 
fa'tal oondifipn (see ante), Syming- 
ton has described a case, in which 
the squamous part Avas distinct 
and separate from tbe, rest oJ‘ the 
temiioral bone in au ad lift ; Avhilst 
Hyrtl has observed the division of 
the tiuu])oral squama into two hy 
a transverse suture. 

Ossification.—Thc petro* 
mastoid portion of the boiio is 
developed by tlio deposition 

of tarthj^ matter in the cartil- < ^ ^ ^ ^ 

higinoiis ear capsule anil the perichondrium lining the^- labyrintk. 
tympanic jiarts are ossified in membrane. ; » 

Ossification commences in the car capsule in fifth mouth, and proceeds so rapidly 
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that by the end of the siiith month tlie individual centres are more or less fused. Of 
these, one which appears in the viciiiit}^ of the eminentia arcuata is the mos! definite in 
position and form ; from this 
a lamina of bone of spiral 
form is developed, which 
covers in the inner limb 
of the superior semicircular 
canal, and forms •the roof of 
the int(j^’nal auditory meatus, 
together Avith the commence- 
ment of the Fallopian aque- 
duct. iWching' forwards, it 
extends to the apex of the 
])etrous part ; wdiilst exter- 
nally it forms part of the 
inner wall of the t^’mpayum, 
surrounds\hc fenestra ovalis, 
and encloses Avithin its sub- 
stance portions of the coch- 
lea, vestibule, and superior 
semicircular canal. Another 
centre appears in the vicinity 
ofc the promontory on the 
innernvall of the tjmpanimi, 
su&rrounds the fenestra 
I'otundii, forms the floor of 
the vestibule, and extends in- 
Avards to complete the floor 
of the internal auditory 
meatus. Surrounding the 
cochlea inforiorly and exter- 
nally, it completes the floor 
of the tympanum, and ultimately blends Avith the fore and under part oT the tympanic 
ring, llhe carotid canal at first grooves it, and is then subsecjuuntly surrsunded by 
it. According to Lambertz the lamina spiralis of the cochlea ossifies in membrane. ’ 
The roof of the tympanum is formed from a separate centre, Avhieh extends backAvai;{lK 
towards the superior semicircular cjiirnl, and encloses the tympanic paH of the 
^ aqueduct of Fallopius ; externally this centre unites by suture with the scpiamosal, 
and sends doAvn a thin process, Avhich appears •betAA’^eeu the lips of the Ohiserian fissure, 
and forms the outer wall of the Eustachian tube. Nuctei, cither single or multiple, 
appear in the base df the petrous part, and envelop the postertor add external semicircular 
canals. It is by extension from this part that the mastoid process is ultimately deve- 
loped. To these centres the terms pro-otic, opisthotic, pterotic, and emotid, respectively, 
have been applied by Huxley and othera. The styloid process, «ui inoependent develop- 
ment from the upper end of the cartilage of the second visceral arch, is ossified from two 
centres. The upper or basal appears before birth, and rapidly unites with the potro- 
mastoid, the tympanic plate encircling it in fr®nt. This represents* the tympanoliyar of 
comparative anatomy. At birth, or subsequent to it, aypther centre appears in the 
cartilage below the above : this is the stylohyal. Anky/bsis usually occiyrs in adult life 
between the tympanohyal and stylohyal, the unio^jt of the two constituting 
8tyloi<>process of human anatomy. ^ 

The centre fix>tu which tHe ^oamo-zygoinatic develops appears in membm^ 
the end of the second month. Situated near the root of the 
and oiiitwards into that process, inwards to form the floor of tlie *gieM 
upwa^s into the squan^osal. From this latter there is a dosnaward aud^ 

Sion, whioh j^tms the post-audito ; this uitimately blends- ^ the posteriorilite 

of the tynipanic ring^ Deing separated from it in the adult by the auriOular fissure. : 
the dhter wall of the mastoid antrum, and eottstatutos^^t^ and uppo^ 
mastoid pipcess in the adult. About the 
' toembi^ouB^^ of >- the’:^tym|^ f 

’gleitoMrPbrtfe!&^ 

from- 
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posterior joins the post - auditory process of the squamo - zygomatic above mentioned. 
Below^ it blends internally with the portion of the petro-mastoid which forms the floor of 
the tympanum, and cnsheathes the tympanohyal behind. From the outer aide of the 
lower part of this ring two tubercles arise ; these grow outwards, and so form the floor 
of the external auditory meatus. The interval between them remains unossified till 
about the ago of five or six, after which closure takes place. This deficiency may, how- 
ever, persist even in adult Jife (see ante, Variations). 

At birth the temporal bone can usually be separated into its component parts. The 
outer surface of the petrous part not only forms t^^e inner wall of the tympanum, but is 
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Fici. 91. — C. Inner Surface of the 
Right Tempo ual BoNKt'AT Birth. 


a, Sqiumio - zygomatic. 6, Petro- 
M]uaino.sal suture and foramen (just 
al>ove the end of the lead line). 
c, Subnreuate fossa, d, Aquicductus 
vesti^iuli. e, Aqnssductus coclfieas. 
f, Internal auditory meatus, g, 
tJppcT end of carotid canal. 


A B 

Fig. 91. — A. The Outer Surface of the Right Temporal Bonk at 
Birth. B. The Same with Squamo-zygomatic Portion Removed. 

[Tlie lettering is the same in both A and B. ) a, Tympanic ring. 6, Inner wall 
of tympanum, c, Fenestra rotunda, d, Foramen ovale, e, Mastoid. 
/, Mastoid process. //, Masto-squamosal suture, with foramen for 
transmission of vessels. Sqnamo-zygomatic, removed in figure B to 
‘ show how its descending process forms the outer wall of the mastoid 
antrum. 


hollowed Q.ut behind and above to form tlxe inner side of the mastoid antijum, the 
« outer wall of which is completed by the post-auditory process of the squamo-zygomsttic. 
As yet the mastoid process is undeveloped. It only assumes its nipple-like form about the 
second yoaa\ Towards puberty its cancellous tissue becomes permeated with air spaces, 
which are in communication with and extensions from the mastoid antrum. The external 
auditory meatus is unossified in front and below, the outgrowth fixim the tympanic ring 
occurring subsequent to birth. The glenoid fossa is shallow and everted ; the jugular 
fossa is ill-marked ; wlwlst the subarcuatc fossa is represented by a deep pit, the so-called 
floccular fossa of comparative anatomy. The hiatus Fallopii is an open groove, displaying 
at either end the openings of the inner and outer portions of the Fallopian aqueduct. 


The Sphenoid Bone. 

The Sp&enoitl tibne (os spheuoidalei) lies in front of the basioccipital inesially, 
and the temporals on eitljer side. It enters into the formation of the cranial, 
orbital, and pasal cavities, Ss well as the temporal, zygomatic, pterygoid^ and 
spheno-:quixillary fosssc. It consist^ of a body with three pairs of expanded pro- 
cesses, the great wings, the lesser wings, and the pterygoid processes. * 

The body (corpus), more or less cubical in form, is hollow, and contains within 
it tlie two largo sjihenbidal air sinuses. These are separated by a partition, which 
is usually deflected to one or other side of the midale line. Each sinus extends 
outwards for a short distance into the root of the great wing, and downwards and 
outwards towards the base of the pterygoid process of th© same side. They 
" communicate by apertures witli the upper and back parii.of the nasal foss«e. In the 
adult the posterior aspect of the body displays a sawn surface due to its separation 
from the basioccipital with which iiKthe adult it is firmly ankylosed. The superior ^ 
su'ifaee, fi*cnn the fore jyigles of which thfe lesser 4wings;^rise, displays an appearance 
comparable to that of an oriental saddle. Over its middle therS is a deep depression, 
the sella tuxefta or pituitary fossa (fossa hypophyseod), in which is lodged Uie 
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pituitary body. Behind, this is oyerhimg, by a sloping ridge, the dorstun sella, the 
posterior surface of which is inclined upwards, and is in continiiatiAi with the 
b^ilar groove of the occipital bone. Anteriorly and externally the angles of this 
ridge project over the pitifitary fossa in the form of prominent tuberoles, called the 
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posterior clinoid processes (processus clinoidei posteriores). In iVoiit of the pituitary 
fossa there is a transverse elevation, tlio olivary eminence (tuborcuhyn sellar) 
towards the outer Sxtremities of which, and somewhat beliiiid, theie are ofteii- 
tiines little spurs of bone, the middle clinoid processes (processus elmoidei inedii). 
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tlie lesser wings, and terminates anterioi;).y iii a ragged edgQ, which articulates with 
the cfibrif^jrm plate of tlie ethmoid, and has often projecting from it, mesially, a 
j)ointcd process, tlie ethmoidal spine. The lateral aej)ects of the body are fused 
with the great wings, and in part also with the roots of the pterygoid processes. 
Curving along the side of the body, superior to its attachment to the great wing, 
is an ^-sliaped groove, the carotid groove (sulcus caroticus), which marks the 
position and course of the internal carotid artery. Posteriorly, the hinder margin 
of this groove, formed by the salient outer edge of the posterior surface of tlie 
body, articulates with the apex of the jietrous. portion of the temporal boae, and 
is hence called the petrosal process ; just above this, on the lateral border of the 
dorsum selhc, there is often a groove for the sijeth nerve. r • 

The anterior surfaiie of the body displays a vertical mesial sphenoidal crest 
(crista sphenoidalis), continuous above with the ethmoidal spine, and below with 
the pointed projection called the rostrum. This crest articulates in front with tlie 
perpendicular plate of the ethmoid. On either side of the ipiddle line are seen the 
irregiilar openings leading into the sphenoidal air sinuses, the thin anterior walls 
of which are in jiart formed by the absorption of the sphenoidal turbinated bones 
with which in oai*ly life they are in contact. Witli tlie exception of a broad groove 
leading downwards from the apertures above mentioned, which enters into tljp 
formation of the roof of tlvi nasal fossa of the corresponding side, the lateral 
aspects of this surface of the bone are elsewhere in articulation with the lateral 
masses of the ethmoid and the orbital processes of the palate bones. The rostrum 
is continued incsiaJly for some distance along the inferior surface of the ' body, 
where it forms a prominent keel wdiich lits into the recess formed by the^ ahe of 
the vomer. The edges of the latter serve to separate the rostrum from the incurved 
vaginal processes at the roots of the internal pterygoid plates. Posteriorly the 
under surface of the body of the sphenoid is rougher, and covered by the mucous 
inembraKe of the roof of the pharynx; here, occasionally, a median depression may 
bo seen wliich marks the position of the inferior extremity of a fcctal channel, 
called the caijgialis cranio-pharyngeus. 

The lesser or orbital wings (ahe parvtc) are two flattened triangular jilates of 
bone whibh project forwards and outwards from the fore and upper part of^thc 
body of the bone, with which they are united by two roots, enclosing between them 
the optic foramina (foramina optica) for the transmission of the optic nerves and 
ophthalmic arteries. Of these roots, the posterior springs from the body just wide 
of the olivary eminence, separating the fjarotid groove behind from the optic foramen 
in front ; externally this root is confluent with the recurved posterior angle of the 
lesser wing, which here ibrms the projection known as the anterior clinoid process 
(processus clinoideus anterior), which ovcrliangs the fore part of the body of 
the bone. S"he anterior root, broad and compressed, unites the upper surface of 
the lesser wing, ^ith ithe fore and upper part of the body. Externally the outer 
angle terminates in a ])ointed process which reaches the region of the pterion and 
there articiulatej? wjth the frontal, and may come in contact with the great wing. 
Hie superior aspect is smooth, and forjtis in part the floor of the anteridr (jranial 
fossa.. The inferior surface forms jiart of the posterior portion of the upper wall 
of the orbit,*and also serves to roof in the sphenoidal fissure which separates the 
lesser fWiil the greater wings below. The anterior edge is ragged and irregular, 
and articulates with the orbital plates of the fronUil. The posterior Aiargin, 
sharp and sickle-shaped, separates the anterior from the middle cranial fossa, and 
correspoiids to the position of the Sylvian fissure on ^the surface of the cerebrum. 

The greater or temporal wings (ala^ inagiuo), as seen from above, are of a 
somewliat crescentic foiiu. If the inner convex edge of the crescenf lie divided 
into liftlis, the posterior fifth extends bqckwards and outwards l)eyoiid the body of 
the bone, presenting a free posterior edge, which fonns*the anterior boiuidary^f the 
foramen lacerum medium. This border ends behind in the horn of the crescent^ 
lT(j)n ^yhich a pointed process projects downwards, called the alar or sphenoidal spine 
(spina angiilaris), Avhich is wedged into tne angle between the petrous and equanious 
parts of the teniporal bone; The inner surface of the posterior border and spine 
furrowed for the cartilagiiipus Eustachian tub^ (siddiia tub®), whilst on the inher 
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side of the spuie the ctjuree of the chords tympaiii nerve is indicated Irs' a groove 
(Lucas). The second fifth of the convex kmier of the crescent is fnseirto thp side 
of the body and united below with the root of the pterygoid process. 'J’he angle 
foiTued by the union of the gi’eat whig with the side of the body iioateriorly corre- 
sponds to the hinder end of the carotid groove, the outer'lip of which is formed by 
a projecting lamina called the lingula. The remaining three-fifths of the convex 
border is divisibje into two nearly equal parts ; the inner* is a free, curved, sliaip 
margin, which forms the inferior margin of the sphenoidal fissure (fissura orbitalis 
supericK’), the cleft which separates the great wing from the lesser wing, ami which 
establishes a wide channel of communicjrtion lietween the middle cranial fossa and 
the cavity of tke orbit, transmitting the third, fourth, ophthalmic division of the 
fifth, and the sixth cranial nerves, togetlier with tlie ophthalmic veins. AVide of 
the sphenoidal fissure this edge becomes broad and serrated, articulating with the 
frontal bone internally, and at the part corresponding to the anterior horn of the 
crescent, by a surface yf variable width, it unites with the anterior inferior , angle 
of the jJki’ietal bone. The external border corresponds to the concave side of 
the crescent, and is serrated for articulation with the apiamous temporal, being 
thin and bevelled at the expense of its outer surface alwive and oxUu-nally, and 
lyoad and thick behind as it passes towards the alar spine. 'I’lic mperior or 
cerebral surface is concave from tehind forwards, aniUin its foie part from side to 
side also ; it forms a considerable part of the floor of the midtile cranial fossa, and 
bdars^the impress of the convolutions of the extremity of the tenqiorul lolx; of the 
cqrebrum which rftsts upon it; towards its outer side it is grooved Obi iijncly by an 
anteiiqi.' branch of the middle meningeal ai-tery. The following foramina ))iercc 
the great wing: close to and in front of the alar spine is the foramen spinosum 
for the transmission of the middle meningeal artery and its f ompanion vein, 
together with a recurrent branch from the third division of the V. nerve. In 
front of and interiyil to this, and close to the ))osterior free bordA’, is the 
foramen ovale, of large size and elongated form. 'J’his gives passage to 
the motor mot and inferior sensory division of the V. nerve# and admits 
the small meningeal broiiich of the middle meningeal oi-tety; a small emissary 
veip fftnn the cavernous sinus usually passes tlirough this foramen and > 
occasionally also the small superficial ixjtrosal nerve. Near the fore part 
of the root of the great wing, and just below the sphenoiilal fissiwe, is the 
foramen rotundum, of smaller size and circular fonn. Through this the second 
division of the V. nerve escapes from the cranium. Occasionally there is a small 
canal — the foramen of Veaalius — which pierces the royt of the great wing to the 
inner side of the foramen ovale. This opens below intoHhe scaiflioid fossa at the 
base of the internal pterygoid plate, and transmits a small vein. Owasionally there 
is a small foramen (canaliculus innominatus) to the inner side^ of the foramen 
spinosum for the transmission of the small superficial jietrosal nerve. 

The outer swrface of the great wing is divided into three well-marked areas ; of 
these the upper two are separated by an oblique jagged ridge,* the malar crest 
(marge Sygomatioua), for articidation with 4he orbital process of the malar l)one. 
The lower part of this ridge may occasionally articulpiK) with the malar process of 
the sjiperior ihaxilla. Of these two areas the orbi^ (facies orbitaKs) is directed 
forwards apdl A little inwards; of quadrilateral sha]^, it fonns the baekVfid outer 
wa|ll the ;drbit ; plane and smooth, it is bounded liehind by the sharp inferior 
free margin of the sphenoidal fissure, towards thO; inner (|xtremi^ of which a 
pointed sphie for the attaehmpnt of the inferior coxnnion ligament of origin of the 
ocular muscles cim .usuaUy be seen. It is limited superiorly by the e^ge of a rough 
triaiigular a^ which articulatesyri^ the frontal bOne ; auteriorly by the malar crest L 
whilst inferiorly a f r6e, well-defined hoririintat ma^u consMtutes the i>osterior arid ^ 
external bpimdaiy Of the spheitorinarilUitjr’fiilrihref^ orbitaUs inferior), which I 
.eiep^tes bone ftom; thOvOcHt^l plateyof^.t^^^ 

^j^oW: riua bo^f there is a to 
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area (facies temporalis), concavo-convex ^rom before backv^^rds. It slopes ill wards 
belo\y, where it is separated from the zygomatic area by a well-marked muscular 
ridge, the infra-temporal crest or pterygoid ridge (crista infratemporalis). Behind, 
the temporal surface is Tiouiidcd by the margin of the gteat wing which articulates 
with the S(iuamous temporal, and above by the edge which unites it with the 
anterior inferior angle of the parietal and the frontal bone. The temporal surface 
enters into the formaticm of the lloor of the fossa of the same name, and affords an 
extensive attachment to the fibres of origin of tlie temporal muscle. The zygomatic 
surface (facies infratemporalis), situated below the infra-temporal crest, corresponds 
to the under surface of the posterior half of the great wing ; it extends as far back 
as tlie alar spine and posterior border. Opeiiing on it are seen the orifices of the 
foramen spinosum and ovale. It is slightly concave from side to side, and is 
confluent internally with the outer surface of the external pterygoid plate. In 
front it is bounded by a ridge which curves upwards and outwards from the fore 
part of the external pterygoid plate to join the infrateniporal crest. In the 
articulated skull this ridge forms the posterior boundary of the pterygo«maxillary 
fissure. The zygomatic surface overhangs the zygomatic fossa, and affords origin 
to tlie upper head of the external i)tcrygoid muscle. 

The pterygoid processes (processus pterygoidci) spring from the j inferior 
surface of the lateral aspect*, of the body as well as the under side of the root of 
the great wings, and ])ass vertically downwards. Each consists of two lamiiun, the 
external and internal ])terygoid plates, fused together anterioi’ly, and eiieloskig 
between them posteriorly the pterygoid fossa (fossa pterygoidea). The external 
pterygoid plate (lamina lateralis processus pterygoidei), thi!i and expantled, is 
directed obliciuely backwards and outwards, its lower part being often sonic what 
everted. Its hinder edge is sharp, and often has projecting from it one or two 
spines, to one of which (processus pterygo-spinosus) the pterygo-spinous ligament 
wliich stretclies towards the alar spine is attached. Externally it furnishes an 
origin for the lower head of the external pterygoid mnsclo, and on its inner side, 
where it fonps the lateral wall of the pterygoid fossa, it supplies an attachment for 
the internal pterygoid muscle. 

Tlio ihtemal pterygoid plate (lamina medialis processus pterygoidei) is narrower 
and somewhat stouter. J'ly its inner aspect it forms the posterior part of^^the 
lateral \Vill of the nasal fossie; externally it is directed towards the pterygoid 
fossa. Its posterior edge ends below in the hook-like iLamular process (hamulus 
]jterygoidei), whicJi, reaching a lower Jevel than the external plate, curves back-* 
wards and oi^twards, furnisliiiig a groove in which the tendon of the tensor palati 
niiiscle glides; superiorly, the sharp posterior margin of the inrier plate bifurcates, 
so as to enclose the shallow scaphoid fossa from which the tensor palati muscle 
arises, and wherein may occasionally bo seen the inferior aperture of the foramen 
Vesalii. To tl^t^^llIl(ir edge of tins fossa, as \vcll as to the posterior border of the 
internal pterygoid plate, tlie pharyngeal aponeurosis is attached. Here, too, the 
cartilage of the J?iigtachiaii tube is supported on a slight projection, and the palato- 
pharyiigcus muscle receives an origin, whilst the superior constrictor of the pharynx 
arises from the lower thi^;d of the same border and from the hamular process. 
Superiorly and iuternally the inner plate forms an incurved lamina of bone, the 
vaginal ^(^fdeess (processus vaginalis)^ which is applied to the under surface of the 
lateral aspect of the body reaching inwards, towards the root of the rostruili, from 
whicli, however, it is^ separated by a groove, in which, in the articulated skull, the 
ala of the vomw is lodged. The angle formed by the vaginal process and the 
internal edge of the scaphoid fossa forms a projection called the pterygoid tubercle, 
immediately above whicli is the posterior ajierture of the Vidian; :canal (cnnalis 
pterygoidcus), through which the Vidiap nerve and artery are transmiited. On its \ 
under surface the vaginal process displays a groov© (sulcus pterygo-paliitinus) 
which ill the articulated skull is converted into the pterygo-palatine canal by 
un^ou witti the jialate bone. Iii fiVmt, at its root, the pterygoid process displays d .. 
broad sinooth surface (facies spheno-maxillaris^), wiuoh is confluent abov^yrttb the- v 
root of the gyeat wing around the foramen rotundum, an4-fdnn8 the posterior waH f 
of the s[)heuo-uuixillary fossa. Here, to the inner Bide of the foramen rotimduia^^ ^^ 
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is seen the anterior opening of the Vidian eanal. Below, the pterygoid j)lates are 
separated by an angular cleft, the pterygoid notch (fissura pterygoidea) in this is 
lodged the tuberosity of th<j palate bone, the margins of which articulate with the 
serrated edges of the recess. 

Oonnexions. — The sphenoid articulates with the occipital, temporals, parietals, frontal, 
ethmoid, sphenoidal turbinals, vomer, palate and malar bones, and occasionally with the superior 
maxillae. • • 

Architecture. — In the adult the body of the bone is hollow an<l encloses the sphenoidal air 
cells, usuelly two in number, separated by^ seiitum. The arrangement and extimt, of these air 
cells A’^ary ; sometimes they are multilocular, at other times simple, while occasionally they extend 
backAvards into the biisioccipital and out-waids and doAvnwaids into the roots of the great Avings 
and pterygoid processes. Cases are on recoid in Avhicli in the adult the body of the bone Avas not 
pneumatic. 

Variations. — Through imperfect ossitication the foramen spinosum and foramen ovale are 
sometimes incomplete posteriorly. On tlie other hand, oAving to the. ossification of fibrous bands 
connecling the several bony points, anomalous foramina are frequently met Avith. Cases of 
peraistence (jf the cranio-plmryiigeal canal liaA^'e been recorded. • 

Ossification. — Tlie sphenoid of man is formed by the fusion of two parts, the pre- 
sphenoid and the post-sphenoid, each associated Avith certain processes. In most mammals 
the orbito-sphenoids or lesser wings fuse Avith the pro* sphenoid, whilst the nlisphenoids or 
greater wings, together with the internal pterygoid plate, a^ikylosc with the post-sphenoid. 
The ossification of these several parts takes place in cartilage, with the exception of the 
internal pterygoid plate, which is developed from an independent centre in the connective 
tissue of the lateral jvall of the oral cavity (Uertwig). • 

At the end of the second month a centre appeans in the root of the great Aving between 
the foramen ovale and foramen rotund um ; from this the ossification spreads outwards and 
backwards and also downwards into the external pterygoid plate. Meainvhile two centres 
appear about the same time in tlie basi-sphenoid ii,i relation to the floor of tlie sella turcica and 
on either side of the cranio-pharyngeal canal, around which they ossify, ultimately leading 
tci the obliteration of tlys channel. Somewliat later a centre appears on either rfide, from 
which the lateml aspect of the body and the lingula are developed. Fusion between these 
four centres is usually complete by the sixth month. ^ 

In the pre-sphenoid a pair of lateral nuclei make their appearance about tlie middle of 
the thirds mouth, just external to the optic 
foramina; from each of these the orbito- 
sphenoids (Icdser wings) and their roots are 
developed. About the same time another 
jiair of centres, placed mesial to the optic 
foramina, constitute the body of the pre- 
sphenoid. By the coalescence of these in 
front, and their ultidiate union with the basi- 
sphenoid behind, a cartilaginous interval is 
enclosed, of triangular shape, which, however, 
becomes gradually reduced *111 size by the Fjo. 94.— Obsificztion'oi.' S rHEwoia 
ingrowth of its margins so as to form two Presphenoid ; ^ Qrbito-»pheiioitl8 ; c. 

mesially-placed foramina, as may be frequently d, Internal pterygoid pli||tes ; r, BaslHpheiioid. 
observed ifi young bones — one opening on the • 

surface of the olivary eminence, the other being placed q^Ateriorly (Ijawrence, “Proc. 
Soc. Anat.*^ «/b«m Anat and Phy%ioL^ vol. xxviii, p. 19)* - * t 

As has been said, the internal pterygoid plates jare developed in membrane.* •Each is 
derived •from a single nucleus which appears about the fourth month and fuses A^ith the 
under surface of the great wing, there forming a groove, which is converted into the 
Vidian canal when the alisphenoid and internal pterygoid plates fifse lcy^r with the body 
of'tihe postrspl^ntnd,.;^^ 

At birth the sphenoid consists of three parts : one the orbi^'^phehoids 

together with«the body the pie-sphenoid and the bssi^spbatioid, ime others j^nsistih^ 
the allsphenoids, one on mther side. Fusion ol^he latter with the. 
end of the first year. The dpifium sella at bb^h w ^rtilagii^us which: 

; l^pa.ilktes bwy:bf the post-sphehoid tbP^^h^ This Slowly: 

; the.cartiliEi;ge' dpes' not entifely^^PP^r 
tli^basIrciNun^^ttis^ 

: ■ia|i|!i^oidal:^^thrbiha^--‘:bPwJ^^^ 
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reached that the cancoUous tissue within t\^is part of the bone, becomes absorbed to form 
the spheiickdal sinuses. 

The sphenoidal turbinals (conchse sphcnoidales), or bones of Bertin, best studied in 
childhood, are formed by the fusion of four distinct ossiftles (Cloland), the centres for 
'which appear in the later months of utero-gestation. Each bone consist of a hollow three- 
sided pyramid, the apex of which is in contact with the fore part of the vaginal process of 
the internal pterygoid, whilst the base fits on to the postei’ior surface of the lateral mass 
of the ethmoid. The irtferior mrfdce. of each forms the roof of the corresponding nasal 
fossa and completes the formation of the spheno-palatine foramen, whilst thc^ external 
aspect is united with the palate bone and forms the inner wall of the spheno- maxillary 
fossa and occasionally constitutes a part of the orbital wall posterior to the os planum of 
the ethmoid. The mpermr surface of the sphenoidal turbinal is applied to the fore and 
under surface of the bod}^ of the pre-splienoid on either side of the rostrum. It is by the 
absorption of this Avail that the sphenoidal sinuses are ultimately opened up. The base 
of the pyramid forms the aperture through which each of these sinuses opens into the 
nasal fossic in the adult. Owing to their firm ankylosis witli th^ surrounding bones, these 
ossiefes are merely represented in the* jidult disiirticulated skull by the irrtgular frag- 
ments adherent to the separated borders of the ethmoid, palate, and sphenoid bones. 


TiiK Ethmoid Bone. • 

« 

The ethmoid bone (os ethinoidale) lies in front of the sphenoid, and occujues 
the interval betwetm the orbital plates of the frontal, thus entering into the forma- 
tion of the anterior (iranial fossa as well as the inner walls of the orbits and the 
roof and inner and outer walls of the nasal fossa*. The bone, which is ex<;remely 
liglit, consists of two cellular parts — the lateral masses, which are united superiorly 
to a mesial vertical plate by a thin horizontal lamina which, from its perforated 
condition, is called the cribriform plate. 

« . i 

The study of this bone will be much facilitated by cutting through the cribriform 
plate on one tjide of the vertical plate, thus removing the lateral mass of one side and 
exposing more fulJy the cciitnd perpendicular lamina. 

c « 

The vertical plate (lamina perpeiidicularis), of irregular pentagonal shape, forms 
tjie upper part of the nasal septum. Its superior l)order projects above the level of 

tlie cribriform plate so as to form a 
crest, wliich is much elevated an-, 
teriorly, where it terminates in a 
bnllate process called the crista galli, 
the upper edge of which is sharp 
and pointed, and affords attachment 
to the falx cerebri. In front of this 
process ‘there is a groove which 
separates the alar processes (pro- 
cessus alares) which project from 
the crista galli on either side. By 
artiovdation with the frontal bone 
this groove is converted into si canal, 
tlie foramen csecum ; this, luDwever, 
is not always blind, but frequently 
transmits a vein to the roof of the 
nose.* The posterior margin oi the 
vertical plate is thin, and articulates 
with the crest of the sphenoid 
The posterior infeHor border m the adult is ankylosed with the vomer ; apd the 
anterior inferior edge, which is usually thicker than the otliers; unites with the 
cartilaginous nasal septum. The c\iierior superior border articulates with the nasal 
spile of^ the frontal, bpiie and with the lnedia^ crest formed bjr the umoh of the 
two nasal bones. The vertical plate, wliich is uSiially deflv^ted to or^ 
side, has geflerally smooth except above^ where they are 
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short and shallow grooves leadiiig to the fomniina which pierce the cribriform plate ; 
these are for the lodgment of the olfactory nerves. * 

The lateral mass or Jabyrinth (labyrinthus) is coin])osed of papery bone, 
enclosing a large luiinber of air cells; those are arraiijjed in thice groups, an. 
anterior, a middle, and 
a j)osterior, the walls of 
which have been broken 
in front, above, behind, 
and belbw, in the pro- 
cess of disarticulation. 

Externally they are 
closed in by a thin ob- 
long lamina, the orbital 
plate or os planum 
(lamina ^papyraeea)i 
which forms a part of 
the inner wall of the 
orbit, and articulates 
ahove with the orbital 
plate of the frontal, 
wliich here roofs in the 
etlimoidal cells. The line of this suture is i)ierce(l by two canals, tlie anterior and 
posterior ethmoidaf canals, botli of which transmit *small etlimoidal vessels, whilst 
the anterior also gives jiassage to the nasal nerve. In front the os jilanum articu- 
lates with the laclirymal bone: whilst hehno, by its union with the orbital sui’face 
of the superior maxillary hone, the air sinuses in both situations are comyileted. 
Posteriorly the os planum articulates with the s])lienoid, and at its pfistorior 
inferior angle for a A ariahle distance witli the orlnUil procciss of the palEte bone, 
1:)oth of which serve to close in the air cells. The mesial asjnxt of the lateral mass 
displays the (ionvoluted turbinated processes, usually two in number, though 
occasionally there may he tlireo — rarely iiiore. In cases wliere there ^are two 
ethmo-turbinals they are separated posteriorly by a deep groove. A. channel is 
thus formed iu tlie back part of the lateral and upper aspect of the nasal h^ssic, 
called the superior meatus, which is roofed in by tlie sujxuior turbinated procecib 
(conclia superior), whilst its iloor is formed liy the vi])j)er surface of the middle 
turbinated process (conclia media). The posterior etl)moidal cells open into this 

meatus. In. front of tlie superior meatus, 
which only gr()oV\3s the posterior half of 
this aspect of the bone, the surface is 
rounded from above down^artlb and before 
backwards, and forms tho*iniier wall of 
the anterior and middle etluuoidal colls. 
Kunning ohlirpxcly fromnabjive downwards, 
and* backwards over the mesial surface of 
the sujierior <»«icha, are a number of fine 
grooves continuous above witlr the fora- 
mina fti the cribriform plate ;* tllfese are 
fewer and more scattered in front, do not 
pass on to the m concha, arid are for 
the olfactory nerves. * 

rixedm) is^neariy twm^ of the sup^ri<^^ Its ^terior 

for a short ^stance V superior turWnated on the ipn^r side of the 

frontal process of the superibr riiaxiUa;^^ "^^^ 

it hveriiai^ a d^p groove which rri^ of the 
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walls of ethmoidal cells. Curving, downwards, backwards, and a little out- 
warcjs froih the roof of the fore part of this meatus is the uncinate process (pro^ 
cessus uuoinatus). This bridges across the irregular opening on the inner wall of 

the maxillary sinus, and articu- 
lates inferiorly with the eth- 
moidal process of the inferior 
turbinated bone. The hinder 
extremity of the middle turbin- 
ated bone articulates \/ith the 
ethmoidal crest on the vertical 
plate of palate bone. 

The cribriform plate (lamina 
cribrosa) is the horizontal 
lamina which connects the 
lateral masses with the vertical 
plate, much in the same manner 
as the cross limb of a capital T 
is arranged. It occupies the 
interval between the orbital 
plates of the frontal bone, 
roofing in the nasal fosstc in- 
feriorly, and superiorly fprihing 
on either sid"e of the crista galli 

Fig. 98. — Showing Aiitioulation of Infkkioh TuumNATKo shallow olfactory grooves in 

Bonk with Ethmoid. which, in tlic lecciit condition, 

the olfactory lobes of the cere- 
brum are lodged. Numerous foramina for the transmission of the olfactory nerves 
pierce this part of tlie bone — those to tho inner and outoj* sides of the groove 
are the largest and most regular in their 
arrangement, Along tho outer edges of the 
cribrifoini plate two notches can usually be 
distinguished ; when articulated with the 
frontal bone these form the inner openings of 
t/he ethn^oidal canals. Loading forward Itoui 
the anterior of these there is often a groove 
whicli crosses to the side of the crista galli, 
where it cnvls in a slit, which allows of the 
ti'ansmission of the^ nasal nerve to the nose. 

Posteriorly the cribriform plate articulates 
with the ethmo^idal spine of the sphenoid. 

Connexions.' — The •ethmoid articnlak*s with the 
sphenoid mid splieiioidjil tvii'biiials, the frontal, the 
two nasals, two maxilhe, two lachrymals, 

two inferior turhiiials, t wo palates, and the rouier. 

Variations. — TJje size of the O.S phnunu is liable 
to consideivible variations. lower races it tends 

to be naiTow'^r from above downwards than in the 
higher, ;iii this respecst restMuhling the condition met 
with in the anthropoids. The os planum may IVwl to 
articulate with the lacliryiiial owing to the union of the frontal with the orbital process of the 
superior maxilla in ti-diit of it. (Orbito-iuaxillary frontal suture, A. Thomson, Jo 
and Physiol, vol. xxiv. p. 349.) Division of the os planum diy a vertical suture into an anterior 
ami posterior part lias been frequently i*ecoKk*d. Tiie number of the turbinals may be increased 
from two to four, or may be reduced to ona (Report of Committee of Collect Invest. Journo 
Anal and Physioly vol, xxyiii. l>, 74.) ^ 

Ossification takes place in the cartilage of the iiasab capsule. Each lateral ihass has 
one centre, which appears about the fourth or fifth month iu the neighbourhood of the ! 

planum. From this the laminee at'ound the ethmoidal air^ells are formed which ate 
complete at birth, the 'air sinuses in this iiistanbe apt being farmed by thot absorptlph" 
of cancellous bone. From these centres the turbinals are also developed, aud these, top, 
are ossified at the ninth mouth. * 
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At birth the ossified lateral masses are united to the central cartilugi i ion sj plate by a 
fibrous layer. Two centres make their appearance in the mesial cai'tilago on oitho** side 
of the root of the crista galli about the end of the Hrst 3 ’oar ; from these, the crista galli 
and the vertical plate arc ossified as well as the mesial part of the cribriform plate, the 
lateral portions of which are derived from an inward extension ’of the lateral mass. 

Ossificiition is usually complete about the fifth .or sixth year. About tbo twenty -fifth 
year bony union has taken place between the cribriform pla^o and the sphenoid, but 
ankylosis between ^.hc vertical plate and the vomer is not usual till the fortietli or forty- 
fifth yeay. ^ 

W c) RM I A N Bon ks. 

* ' * 

Along the line of the cranial sutures and in the region of the fontanolles, isolated 
bones of irregular form and variable size are oeeasioiiMlly mot with. These are the 
so-called Worhiian bones, named after the Danish anatomist AVorinius. 1'lioy are also 
called sutural or epactal bones. Their presence depends on the fact that they are 
either deve?*^ped from distinct ossific nuclei, or it may l)e from a division of the 
ossific deposit. They usually include the wdiolc thickness of the cranial wall, or it may 
bo only involve the outer or inner tables of the cranial bones. They are most fi’ccpient in 
the region of the lambda and the lainbdoid suture. Tliey occur iHunmonly about the 
■pterion, and in thus situation are called epipteiic bones (Flower). By thiur fusion with 
one or other of the adjacent bones they^ here load to the oc\jiirrenee of a fi'onto-scpminosal 
suture. Their jjrcsence has also been noted along the lino of tlie sagittal sutun*, and 
sometiipos in inetopic skulls in the inter-frontal suture. They arc occasionally met with 
at the asterion and ihore rarely at the ohelion. They at)pea.r less frequently in the face, 
but thei|* presence has been noted aroimd the lacbryinal bone, and also at the extremity of 
the splieno-maxillary fissure, where they may form an independent nodule wedged in 
between the great wing of the sj)hcnoicl, the malar, and the superior maxillary bones. 


BONES OF THE FACE. 

The bones of the face (ossa faciei), fourteen in nuniber, comprise two superior 
maxilke, ,two palates, two nialars, two lachrymals, and two nasals, togotlun>wilh the 
vomfer and inferior maxilla. 

The Sui'EitioK M axilla iiy Bones. ® 

• Tlie superior maxillae (maxilhe), of which there are two, unite to form the 
upper jaw. Each consists of a body, witli which artV (MUiiuscttHl fouV projectioiis, 
named respect! vely^ the zygomatic, frontal, alveolar, and palatal 'processes. 

The body (corpus) is of pyramidal form, ami contains within it a hollow called 
the, antrum or maxUlary air sinus. It has four surfaces — an antero-e^terlial or facial, 
a postero-externdl or zygomatic, a supero-external oi* orbital^ ami an internal or 
nasal. The antero-eooternal or facial s^ace (facies anterior) is confluent below with 
iJlie alveolar process. Above, it is seimrated from the orbh-al .aspect by the 
^infraorbi^ margin (margo into whHst int;ernal]y it is limited by the free 

/ margin of the na^ notch, which en(ls below in the, yfK>i]ited anterior nasal spine 
(spinamasalis anterior). Posteriorly it is separated from the zygomatic surface by 
the inferior border of th^ zygomatic process. The facial aspect of the bone ri%Ccl 
by the socilcets rf the. teeth (juga alveo^^ The ridge corresponding to the 
of tUe toc^ is usuatty the nibst 

iyiiig tiie rpoi^ of the incisor incisive or inyrtlibim^^ f^^ 

placed extonally, a leyel, is 'the deeper ea^e fossa^ tlie floor 61^^ w 

is formed in part Zygomatic A thijS, arid 

ititoorbitop; 13^^ the the ^ opening qf :Vi^ 

intoo^ital imd 
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Firj. 100.— riKiHT Hnmiiou Maxilla (Outer View). 


is more ox* convex and is directed towards the zygomatic and spheno-inaxillary 
fossiv. It is pierced in a downward direction by the apertures of the posterior 

dental canals (foramina 
alveolaria), two or 
more in number, which 
trail smi t tl le corre- 
spond ing nerves and 
vessels to the moLar 
teeth. Its loWer part, 
sliglitly more promi- 
nent w^iere it overhangs 
the root of the wisdom 
molar, is often called 
the tuberosity (tuber! 
<^iuaxillare). The m'pero- 
external or orbital sur- 
face (plan uni ox'bitale), 
smootli and piano, is 
triangular in shape and 
forms part of tlie door 
of the orbit. Its an- 
terior edge corresponds 
to ‘ the infraorbital 
margin ; jts posterior 
border coincides with 
the anterior boundary 
of tlio sphono-maxillary fissure. Its thin inner edge, wliicli may be regarded as the 
base of tVie triangle, is notcliod in front to form the lachrymal groove (sulcuvs laci\- 
malis), behind which it articulates witli the lachrymal bone for a short distance, 
then for a greater length with the os plaiinm of tlie ethmoid, and terminates 
posterioi;ly in a surface 
for articulati(ui with the 
orbital iirocess of the 
palate bone. Its ex- 
ternal aiiglo correspcnids 
to the oiitspring of the 
zygomatic process. Tra- 
versing its substance is' 
the infraorbital canal, the 
an toi ior ( ipening^of wJ lich 
has beiui already noticed 
on tlie facial aspect of 
tlie body. dhyliiud, 
however, owing to d(v 
ticiency of its roof, the 
canal foyms a groove 
wliieli ‘^lips the edge of 
the bone whieli consti- 
tutes the anterior bann- 
dai*y of the spheno- 
maxillary dssiire. If 
this caiial be laid open, 
the orifices of the middle 
and an terior don tal canals 
will be seen, which trans- 
mit tha corresponding " . , ^ 

vessels and nerves to the bicuspid and incisor teeth. The or luufel e 

(facies iiasaKs) of the body is directed inwards towardsi the ni^dl foisisaa^^ V Below ifcia 
continent with the upper surface of the palate prodess ; in front it is liini^d'by 
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sharp edge of the nasal fiotch; above and In front it is continuous withlthe inner 
surface ot the frontal process, behind which it is deeply channelled by the lachrsrmal 
groove, which is converted unto a canal by articulation with the "lachrymal and 
inferior turbinated bones. The channel so formed conveyj^ the nasal duct from the 
orbital cavity above to the infejcior nasal meatus below, liehind this groove the 
upper edge of this area corresponds to the inner margin of the orbital surfaco, and 
articulates from before backwards with the lachiyinal, os planum of the ethmoid, 
and the, orbital process of the pahjte bone. Tlie posterior border, rough for 
articulation with the palate bone, is traversed oblitpiely from above downwards and 
slightly inwards by a groove, which, by articulation with the palate bone, is con- 
verted into tlie posterior palatine ot palato-maxillary canal which transmits the 
descending palatine artery and great palatine nerve. Towards its upper and hinder 
part tlie nasal surface of tlie body displays tlie irregular, more or loss triangular, 
opening of the antrum (sinus maxillaris). This aperture, wliieli, in tlu^ ai*ticulated 
skull opena into the middle meatus of the nose, is much reduced in size by arti<*ula- 
tion with the ethmoid, palate, and inferior turbinal bones. In front of the 
lachrymal groove, the inner surface is ridged horizontally by the inferior turbinated 
crest (crisfa conchalis), to which the inferior turbinated bone is attached. 
Bdlow this, the bone forms the outer wall of the inferior nasal meatus, receiving 
the termination of the lachrymal groove. Above, aiuPfor some little distance also 
on •the inner side of the frontal process, it constitutes the smooth outer wall of the 
atrium'*of the middle meatus. * 

- The zygomatic or malar process (processus zygomaticus), which is placed on 
the outdr surface of tlie body, is coiiHuent anteriorly with the facial surface of the 
body ; posteriorly, where it is concave from side to side, with the zygomatic surface ; 
whilst superiorly, where it is rough and articular, it forms the a])e:-: of the triangular 
orbital plate, and supports the malar bone. Inferiorly, its ant/crior and posterior 
sfirf aces meet to forfti an arched border, which fuses with the alveolar process 
opposite the root of the first molar tooth, and servos to separate the facial from the 
zygomatic aspects of the liody. 

The frontal or nasal process (processus frontalis) rises from the upjier and 
fore *part of the body. It has two surfaces — one external, the other internal. The 
external is divided into two hy a vertical ridge (crista lachrymalis anterior), wliioh 
is the upward extension of the infra-orbital margin. The narrow strijii^of hone 
^behind this ridge is hollowed out, and leads into the lachrynlal groove below. 
Posteriorly the edge of the frontal process hdre articulates with the logplirymal, and 
so forms the fossa for the lodgment of the laohryui^l sac (fossa sacci lacriraalis). 
In front of the vertical crest, to which the tendo oculi is attached, the external 
surface is confluent below with the facial asiiect of the body, and forms the side of 
the root of the nose. Its anterior edge is rough, or grooved, for ai’ticulation with 
the nasal bone. Superiorfy the summit of the process is serl-ated for artieulation^ 
with the frontal bone. inner stirfaxe of the nasal process is directed towards 
the. nasal fossse. It is crossed obliquely from below upwards aitd backwards by a 
ridge— the a^ger nasi or superior turbinated ’crest (crista ethmoidalis). Belpw this. 
‘ the bone is smooth and fonris tlie upper part of the attfum, whilst the ridge itself' 
artieufat€« posteriprly with the fore part of the middle turbinated process of the 
ethihoiii-bone. , ” * ’ ’ ■ 1 ■ 


The alveolar prpoese (proper alveolaris) projects irpm the under suri^ pjF 

the body Of the iwhe below the level pf the 

completes, with its feilow of Hhe opposite side> the alveolar arch, in which are ; 
embedded in; spckets dr Mveoli the roots of the teeth of the upper jaw j ordiharH^ 
in-'the adulfe’when dentition i8;ddmplete^^o^ eight 

Kerclpg itoe; inner eur&ce the alyedta*^ 
snijjllvyasdular; forfidnh[Mi-.;ai:e:i^^ 
alyecdi^^beccrad ab^rbedi/aW^ 
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horizon tal^ plane; it has two surfaces — upper and under — and three borders, a straight 
internal, a more or less straight posterior, and a curved external, by which latter 
it is attaclied to the inner side of the body and alveolae? process as far back as the 
interval between the second and third molar teeth. Its under surface, together 
with that of its fellow, forms the anterior three-fourths of the vaulted hard palate ; 
it is rough and pitted for the glands of the mucous membrane of the roof of the 
mouth, and is grooved' on either side near the alveolar margin by a channel which 
passes forward from the posterior palatine canal and transnuts the great jpalatine 
nerve and descending palatine artery. Its superior surface, smooth and *concave 
from side to side, forms the floor of the corresponding nasal fossa. Its internal or 
mesial harder, broad and serrated, rises in a ridge superiorly, so as* to form with its 
fellow of the opposite side the nasal crest (crista nasalis), which is grooved superiorly 
to receive the lower border of the vomer. In front of its articulation with the 
vomer this ridge rises somewhat higher, being named the incisor crest, anterior to 
whicdi it projects beyond the free border of the nasal notclv, and togetl^er with its 
fellow forms the pcjinted projection called the anterior nasal spine (spina nasalis 
anterior). These parts support the septal cartilage of the nose. Immediately to 
the outer side of the incisor crest the superior surface of tlie palatal x>rocess is 
pierced by a foramen which leads downwards, forward, and a little inwards, to open 
into a broad groove on tlie**mesial border of the bone immediately behind the 
central incisor tooth. When the two maxilhe are articulated, the two grooves 
form the oval ant9rior palatine canal or fossa, into wdiich the two aforementioned 
foramina open like tlie limbs of a Y ; these are called the incisor foramina or the 
foramina of Stenson, and contain the remains of Jacobson’s organs. In fr6iit and 
behind these, and lying within the fossa and in the line of the suture, are the 
smaller foramina of Scarpa, wliich tiunsmit the naso-palatine nerves, the right nerve 
usually passing through the posterior foramen, the left througii the anterior. The 
posterior *^border of the palatal process, which is sharp and tiiin, falls in line with . 
the interval between the second and third molar, and articulates with the horizontal 
plate of the palate bone. 

The ipaxillary sinus or antrum of Highmore (sinus maxillaris) lies wjthin the 
body of the bone, and is of corresponding pyramidal form, its base being dii;ebted 
towards the nasal fossa, with the niiddle meatus of which it communicates, its 
summit extending outwards into the root of the zygomatic process. It is closed 
in externally and above by the thin walls which form the facial, zygomatic, and . 
orbital surfaces of the body, liiferioily it OA^erlies the alveolar process in which 
the molar tee*lh are implanted, the sockets of which are separated from it by a thin 
layer of bone. ' ' ‘ 

Advantage is taken of tins circumstance to pierce the floor of the antrum in such conditions 
as necessitate its tlfl)j*(jii^h drainage, as its natural outlet into thejniddle meatus is of the nature 
of an overflow a})6rtuiT, and so i)revents jiuruleut fluids, wliich may here accumulate, fi*oni being 
readily dischai‘ged. 

I'he angles and corners of this cayity are frequently groined by narr6w ridges 
of bone, and the interior ^ lined by an extension from the mucous membrane of 
the nose. , " 

Ooni\^xibns.— The superior maxillaiy houe articulates with the nasal, frontal, lachrymal, 
and ethmoid bones above, (externally with tlie malar, and occasionally with the spheuoiii, 
posteriorly and intermilly with the palate, wdiilst on its inner side it unites with its lellpW of 
the oj)i)osite side, aijd alAi suj»ports the inferior turbinated bone and the vomer. 

Architecture. — The disposition of the maxillary sinus wifl;hin the body of the hone has been 
already referi td to. In union with its fellow, the vaulted arrangement of the hard palate is well 
displayed,} and the arched arrangement of the superior alveolar processes is (jibvious. It is In 
these latter processes around the sockets for the reception of the teeth that the cancellous tissue 
of the bone is seen ; elsewhere its walls are formed by thin and (Lcii^ bone. t 

Variations. — Not uufj*e(jueutly there is a suture* running verticfdly through the bar of bone, 
which separates the infraorbital fJuimcq from the infraoxhital margin. Through imperfoctiOfiiB 
in (^siJicat^oiL the infraorbital canal may foriu^an open groove along the floor of the orbit 

;*■ .'l. -..Q; ■■ ■ 

Ossification.— The superior maxilltn are developed'' in the cobnective tissue ardund 
the oral aperttire of the embryo. The ceiiti'es froni vwhich thio bone 0$^^ 
preceded by a cartilaginous Stage. Their^ number jus /Uncertain, as ^ 
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between them. They first make their appciirauce in the t^eeoud month of jpitrautcrino 
life, shortly after the clavicle has begun to ossify. By the sixth month they are so ynited 
that their independent character is obscured, ilve centres are described — an eMermif or 
malar, which forms the bone to the outer side of the infra-orbital canal ; an inim' or 
orhito’naml, from whicli is developed the inner part of the flt)or of the orbit, the frontal 
process, and the wall of the antrum ; a pa^atim^, for the posterior three-fourths of tlie 
palatal process ; a nasal, situated between the frontal process and the canine tooth ; and 
within this and ne&rer the middle line and below, an /VavWev; cmfir, from which the }>ro- 
niaxillm^are developed, thus forming the anterior fourth of tlie palatal pixicess in tlie 
adult. In the early stages of the development of the hone the alveolar groove, in wljich 
the teeth^ are developed, lies close below the iiifraorbitnj groove, and it is not till later 
tliat they become separated by the growth of the 
antrum, which first makes its appearance as a shallow 
fossa to the inner side of the orbito-nasal element about 
the fourth month. In the adult bone the course of the 
iiifr«aorbital canal and loramen serves to indicate tlie 
line of fusTon of the orbito-nasal and malar elements, A 
whilst the position of the anterior palatine canal servos 
to determiiiip the line of union of the incisive with the 
palatal elements. In addition to the foregoing centres, 

Bamband and Beriault describe another which, together 
with its fellow, is wedged in between the incisive and 
tlie palatal elements beneath the vomer, thus explaining 
the Y^haped arrangement of the foramina of Stensou, ]j 
whicli open into the anterior palatine canal. 

Thc^ premaxill80, which in most vertebrates are in- 
dependent bones lyitig in front of the superior maxilhe, 
constitute in man and apes the portions of the upper 
jaw which lie iu front of the anterior palatine forariien, 
m\d support the suiJ^rior incisor teeth. They are 
developed from the incisive ceutrew above described ; ^ 
the line of fusion of these elements with the nmxilhe 
proper can readily be seen in young skulls, and occa- 
sionally Also in tlie adult. It corresponds to a suture 
whiclv passes on the palate obliquely outwards and 

forwards, from tl.c anterior palatiuo ' fommea to the ki«. l02.™(.BHvr , cation at- S wbbiou 
interval between the lateral incisor and the canine Maxilla. 

.tooth. In cases of alveolar cleft palate the adjacent v, Outer wrlu ; B, Inuer Hide; 0, 
bones fail to unite along the line of the suthro. In Under Bide, a, NuRal proces« ; 6, 
some instance's, however, the cleft passes outw’ards ^ ^r.Wtal plate; c, Aiiterior TiaHaJ 
between the central* and lateral incisor teeth, and this JErbiui f 

condition suggests the explanation that the premaxillary palatine groove ; y, Pnliital procesH ; 
element is derived from two cebtres — a lateral and a Premaxillary autiire ; Alv<M)l.ar 
mesial. The researches of Albrect and Warinski have process., 
confirmed this view. The latter anatomist further observes that the lateral cleavage may 
lead to a division of the dental germ of the lateral incisor tooth, ai^d ho , explain the 
oociirreiicfe of the supernumerary incisor wdiiqhKjs occasionally met with. In this way the 
. difibrent varieties of cleft palate are readily explained ; uncial cleft palate being due to 
failure of union between the two premaxillary bones. Lafeml clpft palate ^lay be of tw^b 
types : the cleft in oiic case passing forward between the centrar and lateral ^ni<jjisc)r^ and 
being cftie to the wop-union of from which the ptemaxilla is primarily 

devblo^d j the other, in which the cleft passes between the lateral Incisor axwr 'the 
canine, or between the lateral incisor and a shpbruunieiwry inci^^ owiyg to the iihperibet 
fusion of the premarilla kteralfy with the 0 ^ 

The 



The mate Iioii6 (oa^^^ 

^ ch^,:and 

: ■ brt^trf . chviify; 'if - the;' 






the Tipper jaw. This edge of the bone is sometimes called the masseteric border 
since it alibrds attachment to the filires of origin of the masseter muscle. Sweeping 
downwards iVi front of the frontal process is a curved edge wliieh terminates 
inferiorly in a pointed process. This border forms the outei? and, in part, the 
inferior maigin of the orbital cavity. Between tlie anterior extremity of the 
masseteric edge and the pointed anterior angle there is an irregular suture by 
whicli the boiu^ is joined to the maxilla. The opening of the malar canal (foramen 
zygomatico-faciale) is seen on the outer surface of the bone ; its size and position 
are very variabli?. * 

The mesial aspect of tire bone is dis^iinguished by a curved elevated crest, called 
the orbital process, which extends inwards and backwards, and is confluent externally 
with the orbital margin. This process has two svufaces — one anterior, which cforms 
a part of the outer and lower wall of the orbit, and one posterior, which is directed 
towards* tlie temporal fossa above and the zygomatic fossa below. The fi*ee edge 
of the orbital process^is thin and serrated; a little below its middle it is usually 
interrupted by a‘non-articular notch, which corresponds to tlie anterior extremity 
of the spheno-maxillary fissure. The part above this articulates with the great wing 
of the sphenoid, the portion below with the orbital plate of the superior maxilla.’ 
Behind the orbital process, the inner surface of the bone is 6oncaYe from side to 
side, and extends backwards along the mesial aspect of the temporal process ^^rid 
upwards over the posterior half of the inner side of the frontal pix)cess,. t^ 
en^pring j.nto the formation of tliO^ zygomatic and temporal fossae rCspectiYfely; 
The orbital surface of the orbital process usilally ^displays ^the ppenings^' o^^^^^^^^^ 
canals (foramvia zygomatico-orbitalia)— one which trayeises the bone 
orbital margin and appears on the front of thejl^onei^s'al^ady 
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which passes obliquely .iipwaids and out|\'ards tlirough the orbital process and 
appears in the temporal fossa, to the inner side of the frontal process (foramen 
zygomatico-temporale). The former transmits the ramus subcutiiueus mala^; tlio 
latter the temporal branch *of the orbital nerve. 

Below the orbital process there is a rough triangular* area, bounded externally 
by the maxillary border. This articulates with the malar process of the superior 
maxilla and occasionally forms the outer wall of the antruqi. 

Ooimexious. — The malar bone articulates with the frontal, splu'uoid, superior maxilla, and 
temporal bones. • 

Architecture. — In structure the bone is compact, with little CMiicelloiis tissue. 7"ogether 
with the ^"gomatic process of the temporal bone it forms the bii! t ress which supports tlie superior 
maxilla and the miter orbital wall externally. Additional strength is imparted to the bone by 
the angular mode of union of its orbital and facial parts. 

Variations.— -Cases of division of the malar bone by a horizontal suture liave been recorded, 
as well as instances of its separation into two parts by a vertical siituie. Owing to tlie supposed 
more frequent occurreinie of this dividiul condition in A.siatic.s tlie malar has been named tlie os 
Japonicum.,^ Barclay Smith (“Proc. Anat. Soe.’^ Journ. Anat. anti J^h{fsioL April 18t)8, j>. 40) 
describes a case in which the malar bone was divided into two jiarts, an uppm* and hiwer, by a 
backward extension of the maxilla, wliich articulated with the zygomatic process of the. temporal, 
thus forming a temporo-inaxillary arch. Varieties of a like kind liaiH* also been described by 
Gruber and others. Oases have been noted Avhere, owing to delii iency in tlie development of the 
nftilar, the continuity of the zygomatic arch htis been imiomiiJete. 

Ossification. — The malar ossifies in membrane most probably from three centres, 
disposed as follows : one in the posterior part of the bone, the other two in connexion 
with the orbital projpess and orbital margin. Appearing as early as tjie eighth week, those 
centres are confluent by the beginning of the fifth month of fcetal life. 

The Nasal Bones. 

The nasal bones (ossa nasalia), two in number, lie in tlie interval lietween the 
frontal processes of tjie superior maxilla, there forming the root or bricige of the 
nose. Each bone is of elongated quad- 
rangular form, having two surfaces — 
an inner and outer — and four borders. 

Tha external surface, somewhat con- ^ 
stricted about its iniddle, is convex | 

■ from side to side, and slightly concavo- a 
convex from above downwards. Near | 

• its centre there is usually the opening | 
of a nutrient canal. ^ 

The internal mrface is not so ex- 
tensive as the external, as the superior 
and anterior articular borders encroach 
somewhat upon it abov^. Concave 
from side to side and also from above 
downwards it is covered, in the recent 
cdnditioA, by the mucous membrane of the^ose. llunniug downwards' along this 
surface is a narrow groove (sulcus ethmoidalis), which J^ransmits the internal nsusal 
nerv^ The or internal harder, harrow beipw, is thick ahovo, and, in con- 

junction with its fellow at the op^site hid^ vrith which it articu!at88« forms a 
median ertet j^teifiorly,, which is united to the nasal spine of tlie fhoht»l, the 
vertical plate of the j^hmioid, and the imptal c^tila^e of the nose, in that order from 
above dowhwa^. The jWsfmar or usually ftie longest, is serrated 

and beveUM to fit : on to; ^ th® frontal process of the supper 

> maxilla. _ :1^mtfenor hwider foi^ a .wide toothesd . shrface, which articulates , Mfith, 
toe innef part of! tlm;.haBal:notoho|.t^4toutal bone anteriorly; whils^s behittdi!^^ 
it rests in eonteot ' wito . toe roht 6f ^ the same, bone, /The 

sharp, mid is .edhneet^' below’ with the lateral osr^l^. 
of toe nose; and is usually d^ply A^dtovmefasl extre^^ i 

frontal beliindi witii tijie ahd wttlL.:to 0 

snpemr.ihaxilla ;'lt twtoei!s|[|^.:4md.npp6r.lat^^ 
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Architecture. — Formed of dense and copijmct lione, the strejigtli of the nasal hones is 
increased bjr their mode of union and the formation of a median cre§t posteriorly. 

Variations. — The size and configuration of the nasal bones vary greatly in different races, 
being, as a rule, larger and prominent in the white races, and flat, and reduced in size, as well as 
depressed, in the Mongolian and Negro stock. Obliteration of tlie internasal suture is unusual ; 
it IS stated to occur more freqfaently in negroes, and is the recognised condition in adult apes. 

Ossification. — Tho nasal bones are each developed from a single centre, which makes 
its appearance about tho *cnd of the second month in the membrane* covering the fore 
part of the cartilaginous nasal capsule. Subsequept to birth the underl3dng cartyaginous 
stratum disappears, persisting, however, below in the form of the lateral nasal cartilage, 
and behind as the septal cartilage of the nose. 


The Lachrymal Bones. 


Orbltnl BnrfttCtt 



TJie lachrymal bone (os laclirymale) or os unguis, a tliimscale of bone about the 
size of a finger-nail, forms part of the inner orbital wall behind the frontal pro- 
cess of tho superior maxilla. Irregularly quadrangular, it has two surfaces — an 
inner and outer — and four borders. 

Its external or orhiial surface lias a vertical ridge, the lachrymal crest (crista 
lachrymalis posterior), running downwards upon it. In front of this is the lachrymal 

groove (sulcus lachrymalis) forthe lodgmentof tlie lachrymal 
sac. The fioor of this groove descends below tha level 
of the bulk of tho bone, and forms the 'descending process, 
wliich helps to comi^Iete tlie osseous canal for tl>e nasal 
duct, and articulates inferiorly with the inferior turbinal. 
Tlie lower end of the laclirymal crest terminates in a 
hook-like projection, the hamular process (hamulus lachry- 
malis), which curves round the pijsterior and outer edge 
of the laclirymal notch of tlie superior maxilla, and thus 
defines tlie upper aperture of the canal for the nasal, duct. 
To the free edge of the crest behind the lachrymal groove 
are attached tlie rellected portion of the teiido oculi,und 
the tensor tarsi muscle. The part of the bone beliind the 
lachrymal crest is smootli and continuous witli the surface of the os planum of 
the ethmoid. Tlie inner surface is irregular and cellular above ; it closes in some 
of tho anterior etlimoidal cells. Where it is smoother it forms a part of the * 
lateral wall (K the middle meatus of the nose immediately behind the frontal 
process of the superior maxilla, and above the inferior turbinated bone. The 
mperior horder articulates with the orbital plate of the frontal ; the anterior edge 
with the posterior border of the frontal process of the superior maxilla, with 
which it completes tte lachrymal groove for the lodgment of the lachrymal sac. 
The i'tferior tiiargin articulates wdth the orbital surface of tlie superior maxilla, 
and in front, liy itjj descending process with the inferior turbinal. Posteriorly the 
bone articulates with tlie anterior border of the os planum of the ethmoid. 
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Connexions, — Tlie laeliryinal i>one articulates with four bones — the frontal, ethmoid, inferior 
turlniial, aifcl the superior iiiaxilhii ^ 

Archiftecture. — -The bone consists of a thin jwpery translucent lamina, somewhat sfe'ength^ 
ene(l by the addition of tln^ vertical t*rest. 

Vanations. — The lachrymal is occasionally absent. In ‘some cases it is divided into two 
parts ; in others replaced by a number of smaller ossicles. In rr.re instances the hamiilar pi'ocess 
may extend forwards to reach the orbital margin, and so bear a snare in the formation of the face, 
as ill lemurs (Cxegonbauer). In other instances the hamulus is much reduced i a size. Occasion-,;, 
ally tlie laijhrymal is seiiarated from the os planum of the ethmoid by p down-jgrdwtii frorii the 
^ fmiital, whicli articulates Avith the urbilal pvocejjs of tlie superior maxilla, as is the liprinal 
disposition in the Gorilla and Cliiiiipaiizee. (Turner, iiV5>ar#.NV ^^Zoologj*^,” VoL 

Part IV. Plate I. ; and A. Thomson, Jemrn, AnaL and Fkyidol,, London, voL xxm p. 2ti9,) 

Ossification,— Tho. lachrymal is developed a siiigle centre, which 
appearance about the end of the second or the beginiiittg of the:*thini caouth^pr- hitr^^^ 
uterine life in tho membrane around the cartilaginpus n^al 
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The Inferior Turbinated Bones. - 

The inferior turbinated or spongy bone (concha inferior) is a shell-like lamina 
of bone lying along the lower part of the outer wall* of the nasal fossa. Of 
elongated form, the bone displays two curved borders enclosing an internal and 
external surface. ^ , 

The superior or attached border is thin and sharp in front and beliind, where 
it articulates with the inferior turBinal crests on the inner surface of the body 
of the superior maxilla and the vertical plate of the palate bone, respectively. 
Between»these two borders the centa*al part of the upper edge lises in ilie form of 
a sharp crest, the fore part of which forms the upstanding lachrymal process (pro- 
cessus lachrymalis), which articulates above with the descending process of the 
lachrymal bone, as well as with the edges of the nasal groove of the superior 
maxilla, thus completing the osseous canal of the nasal duct. The posterior end 
of this cr&t is elevated in the form of an irregular projection called the ethmoidal 
process (processus ethmoidalis). This unites with the uncinate process of the 
ethmoid bone (see Eig. 98). Spreading downwards from the middle of the 
superior border, pn its outer side, is a thin irn^gular plate of bone, the maxillary • 
process (processus maxillaris), which partially conceals the outer concave surface 



Maxillary protwHH • 
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Fig. 106. — Right Infkkior Titrbinateh Bonk. A, Iiujcr Surface ; B, Outer Surface. 


of the bone, and, by its union with the inner wall of the maxillary sinus,* assists ’in 
, the completion of the partition which separates that cavity from the inferior nasal 
meatus. The inferior or free border, gently curved from Ixjforc l^^kwards and 
slightly out-turned, is rounded and full, and formed eX. bojie which is deeply pitted 
and of a somewhat cellular character. The anterior anfl posterior extremities of 
the bone, formed by the convergence of the upper and lower borders, are thin and 
sharp; as a rule the hinder end is the more pointed of the two. The interneU 
swfcuse projects into the nasal fossa; convex from above do'^nwaitis, and slightly 
curved from before backwards, it forms the floor of the middle meatus. It is 
rough and pitted, and displays some scattered arid longitiidinally dir^tbd^V^,Ular : 
grooves. The outer mrfaee overhangs the* inferior nasal meatus. Concave irpm 
above downyrards, and to some, extent from befoto baxjKwai'ds, it is directed towards 
the otter wall of the nasal fossa. It is smooth in’^frorit, where it ttoreespbnds^'t^^ 
the operiing of the canal for the nasal duct; ^hirid arid towards ifo l6wei» 
it is irr^ular arid pitted. ' la. the disarticulated botte, this surface is in paid; cbri'^ 
coaled by the downward projecting maxiUkiy^^^^ 


ObnriexiQns; -.-The inferior tarbinaV'tr^nlates. irithvtriB superior 
■ etlrinoi^' 'ariu.palate';.bone8..: ■ ■ ' ■- ' ■ ;■ u-'-'.- ‘ -iX ■■■.;: . , ? 

„ . 0 ^ the, iitfenriri irirbindb,^ has^ 
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The Vomer, 


The vomer, a bone of irregular quadrilateral shapvj, is placed mesially in the 
hinder part of tlio nasal septum. It has four borders and two surfaces. The 
superior border, which can readily be distinguished by the presence on either side 
of an everted lip or ala^ slopes from behind upwards and hnwards, and articulates 
with the uiidei’ surface of the body of the si)henoid, the pointed Nostrum of which 
it receives in the groove fonned by the projerting ake. liaterally these ?.l8B are 
wedged in between the sphenoidal processes of the palate bone in front, and the 

vaginal processes at the, root of the in- 
ternal pterygoid plates behind. The 
posterior border, which slopes from behind 
downwards and forwards, is free, and 
forms a sharp, slightly-curved edge ; this 
constitutes the posterior margin of the 
nasal septum, and serves to separate the 
openings of the posteinor nares. The 
inferior border, more or less horizontal 
in direction, articulates with the nasal 
crest formed by the superior maxillary 
and palate bones. The anterior edge is the longest; it slopes obliquely from above 
downwards and foBwards. In its upper lialf it is ankyk»sed tq the perpendicular 
plate of the ethmoid ; in its lowcjr half this margin is grooved for the reception of 
the septal cartilage of tlie nose. The anterior extremity of tlie bone f6rms a 
truncated angle, which articulates with the hinder border of the incisor crest of 
the superior maxilla*, and sends downwards a pointed process which passes between 
the incisor foramina. Hie right and left mrfaees of the bone are smooth, and 
covered 6y mucous membrane. It is not uncommon to find them deflected to one 
or other side. A few vascular grooves may be noticed scattered over these 
surfaces, and * 0116 , usually more distinct than the others, running obliquely down- 
wards and forwards, indicates the course of tlie nasopalatine nerve. , 



rulute SiiiiHrior maxilla 
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Connexions. — Tlie vomer articulates with the sidieuoid, the ethmoid, the palates, and the 
superior mp-xillie. lii front it. supports the septal cart.ilage. 

Architecture. — The bone, is (•.onqiosed of two compact layens fused below, but separated above 
by tlie groove for tlie lodgment of the rostrum of the sphenoid behind, and ihe.sejital cartilage in , 
Ivoiit.. The lamelhn are also separated from 5acli other by a canal wliich runs Jiorizontally from 
beliiud forwards in tlie substance of the bone, and which transmits the nutrient vessel of 
the Ixme. « • 

Variations. — Owing to imperfect ossification there may be a deficiency in the bone, filled up 
during life by cartilage. The separation of the two Jamelhe along the aUterior bonier varies 
consideralily, and are recorded where they were separated by a considerable cavity 

within the substance oP the bone. Tlie spheno-vomeriiie canar is a minute opening behind 
tlie rostrum of tlie sphenoid, and lietweeii it and the alte of the vomer, by which the nutrient 
artery enters^ the bpne.^ 


Ossification. — The vomer, primitively double, begins to ossify about the end of the 
second month of fcutal life. A-imcleus ai:)pears on either side in the membrane overlying 
the back igid 'lower part of the vomerine cartilage; these form the primitive laftnellae 
developeft on either side of, and not fibm, the cartilage. About the third moiitb these 
lamiine become fused behind and below, thus forming a deep groove in which the cartilage 
is lodged. As growth goes on the groove becomes reduced by the further fusion of the 
lateral plates, and" the absorption of the cartilage, unti\ the age of puberty, by which 
time the lateral laminai have united to form a mesial plate, the primitively divided con- 
dition of which is now only represented by the evemon of the aim, and (he grooving 
along the anterior border. * 


The Palate Bones. 

^rhe palate bone (i}s*'palatiuum), of irregular sh^e> assis^ in the forntation of 
the outer wall of the back jwirt of the nasal fossas, the posterior portion of the hard 
palate, the orbit, the sphenp-maxillary, zygoniatic, 'and pterygoid fOsi^v 
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consists of a liorizontal* and a vertical plate, united to each other like tlie limbs of 
the letter L. At tlieir point of union there is an irregular outstanding p:Kocess, 
called the tuberosity, whilst capping the summit of the vertical plate and separated 
by a deep cleft are two irregular pieces of bone, called the sphenoidal and orbital 
processes. * 

The horizontal plate (pars horizontalis) has two surfaces and four bordei's. 
As its name impjies, it is horizontal in position, and foriiis the posterior third of 
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the hard palate. Its %i]ppeT stirfme, which is smooth, is slightly concave from side 
to side, and forms the ftoor of the hinder part of the nasal fossie.^ Its inferior 
s'iirface, rougher, is directed towards the mouth, and near its posterior edge often 
disjilay^a transverse ridge for the attachment of a part of the aponeurdJ^is of the 
tensor palati muscle. The anterior harder articulates by means of an. irregulai 
suture with the hinder edge of tlie palatal process of tho supeiior inaxjlla. The 
posterior margin is free and concave from side to side ; by its sharp edge it furnishefi 
• attachment to the aponeurosis of the soft pedate. The internal harder is upturned, 
and when it articulates witli its fellow of 
the opposite side ,it forms superiorly a 
central crest continuous in front with the 
nasal crest of the superior maxilla; it 
supports the hinder part of the lower 
border of the vomer, and projecting be- 
yond the line of the posterior border forms 
the pofiftexior nasid ' or palatine spine 
.(spina nasalis posterior). The eisternal 
horde'Q fuses with the vertical plate, form- 
ing with it a right angle. The hinder 
extrenfity of this edge is grooved by the 
lower end of the posterior palatine canal. 

The (pans perpen- 

dicuiatis) is very much broader below 
than above. of thin boiler it is 

liable to be Wken in the process of dis* 
articulation, particularly at' iU 
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turbinalis),t with which the hinder end of the superior cborder of the inferior 
turbiijated bone articulates ; above and below this it enters into the formation of 
the outer wall of the middle and inferior meatuses of the nose respectively. Near 
the upper extremity of the vertical plate, and below tbe processes which spring 
from it, there is anothei' ridge more or less parallel to that already described. 
This is the superior turbinated or ethmoidal crest (crista etlimoidalis), and with this 
the liinder extremity of the middle turbinated bone is united. The external surfa<^e, 
which forms the inner wall of the spheno-maxillary fossa, is channelled by a 
vertical groove (sulcus pterygo-palatirnis), conVerted into a canal by arti<5ulation 
with the superior maxillary bone. This canal, called the posterior palatine canal, 
transmits the large p.alatine nerve and descending palatine vessels. Anteriorly 
the external surface projects forwards to a variable extent, and helps to close in 
the antrum of the maxilla by its maxillary process. The anterior border is a thin 
edge of irregular outline which articulates above with the ethmoid and below with 
the superior maxilla. The posterior border, thin al)Ove, wh^^re it articulates with 
the fore part of the internal ])terygoid plate, expands l^elow into a ^^yramidal 
process called the tuberosity. The inferior border of the vertical plate is confluent 
with the outer edge of the horizontal plate; posteriorly, and immediately in front 
of the tul)erosity, it is notched by the lower extremity of the posterior palatine 
canal. The superior border the orbital and sphenoidal processes; the 

former — the anterior — is separated from the latter by a notch (incisura spheno- 
palatina), which is converted into the spheno-palatine foramen by the articulatk)n*of 
the palate bone with the under surface of the sphenoid. Througii this communica- 
tion between the splieno-inaxillary and nasal fosste pass the spheno-palatinc;. artery 
and the nasal branches of the spheno-palatine ganglion. 

The tuberosity (processus pyramidalis) is directed backwards and outwards 
from the angle formed by the vertical and horizontal plates, and presents on its 
posterior tVir/aee a central smootli vertical groove, l)()iindcd ou^either side by rough 
articular furrows which unite al;>ove in a V-shaped manner with the upper thin 
posterior edge. These articulate with the fore parts of the lower portions of the 
internal and external pterygoid plates, the central groove which fits into the wedge- 
like inteiVal between tlu3 two pterygoid plates thus entering into the fornidtiop of 
the pterygoid fossa. Tlie outer surface of the tuberosity is rough above, where it 
is» confluent with the (juter surface of the vertical plate which articulates with the 
tuberosity of the superior maxilla; below, thert^ is a small smooth triangular area 
which appears between the tuberosity pf the superior maxilla and tlie outer surface 
of the external pterygoid plate, and so enters into the floor of the zygomatic fossa, 
l^rssing through the ^jubei’osity in a vertical direction are the posterior and external 
accessory palatine canals (foramina palatiiia minora) for the transmission of the 
smaller palatine nerves and vessels. 

The orbital iiirocpss (processus orhitalis), shaped lik^ a hollow cube, surmounts 
the fore ])art of tlie a ertical plate. The open mouth, of the cube is directed back- 
wards and^iiiAVjp’di^ towards the fore part of the body of the sphenoid, with the 
cavity of which it usually communicates ; the fore part of the cube articulates with 
the inner end of the angle formed by the orbital plate and zygomatic surface of 
the superior maxilla. Of the remaining four surfaces, one directed forwarclp and 
inwardsi aVticiilates Avitli the ethmoid. The others are non-articular : the superior 
enters iSito the formation of the floor of tlie orbit; the external is directed Cowards 
the splieno-maxillary fossa ; whilst the hifemor, which is confluent with the inner 
surface of the \V3rtic\il plate, is of variable extent^ and overhangs the superior 
meatus Of the nose. 

The sphenoidal process (processus sphenoidalis), much smaller than the orbital> 
ciiives upwards, inwards, and backwards from the hinder part*of the summit of the 
vertical plate. Its superior surface, Avhich is grooved, articulates with the fore part 
of the under surface of the body of the sphenoid and the root of the internal 
ptep'goid plate, thereby converting the groove into the pterygo-p^atme caaial, 
transmits an artery (rf tlie same name t(^ether*'witb,a pharyngeal branch,|rom^^ 
spheno-palatyie ganglion. Its outer side enters into the formation of 
inner wall of the spheno-ijiiaxillary fossa. Its int0,ni«fl ciirvedr aspectV^i^^^^^^^ 



towards the nasal fossa, whilst its inner »edge is in contact with thelala of the 
vomer. . • 

OonneuonS. — The palate bone articulates with its fellow of the opposite side, with the 
ethmoid, vomer, splieiioid, superior maxilla, and inferior tui*V»inated bones. 

Ossification. — The palate bones arc developed from the ossiticiitioii of the moiubmue 
covering the sides of the oral cavity. According to llanibaud and Rouault, two primitive 
centres appear about the sixth week of foetal life. Fi’om one of those the tubemsity and 
the par^of the vertical plate behind t^e posterior palatine groove is developed ; from the 
other the remainder of the bone is formed, with the exception of the orbital and sphenoidal 
processes which are derived from secondary centres that make their a])poai'ance some- 
what lateV. Othbr authorities describe the bone as ossifying from a single centre wliich 
appeai'^s about the end of the second mouth in the angle between the vertical and hori- 
zontal plates. . 

At birth the bone is much longer in its antero-postorioi* diameter than in its vertical 
heightj the converse of its typical adult form. 


THK TNFERIOU MaXILIAIIY r>ONE. 

^ The inferior maxilla (maiidilmla) or mandible, of horse-shoe sliape, with the 
extremities uptunied, is the only movable bone of thg face. Stout and strong, it 
supports the teeth of the lower dental arch, and articulates with the base of tlie 
cranium, by the joints on either side between 
its condyles ahxl W;he glenoid fossa^. of the 
temporal hones. Tlie anterior or horizontal 
part, wliich contains the teeth, is called the 
body (corjuis) ; the posterior or vertical por- 
tions constitute the rami (rami mandibula;). 

. The body (corpus mandilmhe) displays 
in the middle line in front a faint vertical 
ridge, the symphysis, which indicates the. line 
of fusion of the two symmetrical halves, from 
wh^h the bone is primarily developed. In- 
feriorly this ridge 
divides so as to 
enclose, in well- 
-marked speci- 
mens, a triangular 
area- — the mental 
protuberance (pro- 
tuberantia ineii- 
talis), the centre 
of which is some- 
what depressed, 
thus emphasising 
the inferior 
anglei^; which are 
known as the 
mental* tubercles 
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aperture ihe mental vessels and nervtes reach the surfece. The upper border 
suppwrts the sixteen teeth of tlie lower jaw. It is thick behind and thinner in 
front, in correspondence with the size of the roots of, the teeth. Anteriorly the 
sockets of the incisor and canine teeth produce a series of vertical elevations (juga 
alveolaria), of which that corresponding to the canine tooth is the most prominent. 
When this is outstanding it gives rise to a hollowing of the surface between it and 
tlie symphysis, often referred to as the incisor fossa; frequently, however, this 
is only faintly marked. Below the external oWiqiie line the bone is full and 
rounded, and ends below in the inferior border or base. This slopes outwards at the 
sides, ami forwards in front, where it is thick and hollowed out on either side of 
the symphysis to form the digastric fossae (fossic 

a ^ fossa ^ I'ov^^thc ‘ 
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llcve tlie sublingual glaiui^lies in relation to it. In the angle formed by the 
convergence «f the two internal oblique lines, and in correspondence with thp back 
of the i^)\vev part of tlie symphysis; there is a raised tubercle surmounted by two 
laterally placed spines, the mental or genial spines (spime mentales). Occasionally 
these are again subdiyided into an upper and lower pair, or it may be that the 
lower pair may ftise to form a rough median ridge. , To the upper pair of spines 
the genio-hyoglossi muscles are attached, whilst the lower pair serve for the origin 
of tho ghiiio-hyoid muscles. Immediately above the tubercle thei^e }.s a median 
foramen for the transmission of a nutrient vessel, and close to the alveolar border 
opposite tho intervals lietween the central and lateral* incisors, there are t’wo' little 
vascular canals. 

«The ramus (ramus maudibuhe^ passes npw'ards from the back part of the: bone,; 
fonniug by the junction of its posterior border Vithr the baiae.jdif the jxKlyfthe 
(angulus maiHUimla!), .wliioh is usually rounded and more or less 0Vhri^r !^^ 
outer surface of the ramiis -affords attachment, to i^e masseter muscle, arid: whieh ; 
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lation to 11. Condyles. 18. Internal oblique line, 

al gland. 12. Inferior dental foramen. 19. Mylo-hyoid muscle, 

jr. 13. Mylo-hyoid groove. 20. Digastdc muscle. 

14. Internal pterygoid 21. Digastric fossa, 

cle. _ muscle. *■ 


1. jGenig-hyoid muscle. 8. Coronoid 

2. Menial .siiines. 9. Sigmoid i 

3. Genio-hyoglossu.s 10. Extenial ] 

muscle. muscle. 

4. Surface in relation to 11, Condyles. 

the sublingual gland. 12. Inferior d< 
r». Alveolar border. 13. Mylo-hyo; 

,H. Liugiila. 14. Internal j: 

7. Temporal muscle. muscle. 
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that luuscle is powerfully developed the* bone is usually marked by k series of 
oblique curved ridges, best seen towards the angle. About the middle of tlu; deep 
or inner surface is the large opening (foramen iiuiiuliluilare) of the inferior dental 
canal, which runs downwards and forwards to reach tlie body, and transmits the 
inferior dental vessels and nerves. This aperture is overlliing in iront by a pointed 
scale of bone, the lingula, to the edges of which the interiuil lateral ligament of the 
temporo-maxillaiy articulation is attaclied. Jleliiiid llie lingula and leading down- 
wards and forwards for an incli or so from the opening of tlu? inferior dental canal 
is the nlylo-hyoid groove (sulcus mylS-liyoideus), along which the mylo-hyoid arterj^ 
and nerve pass. Behind and below this groove the inner surfawrof the angle is 
rough for the attachment of the internal pterygoid muscle. Supoiioily the raiinus 
supports the coronoid process in front, and the condyle IndniKl, the two being 
separated by the wide sigmoid notch (incisura mandiladic), ovt'r wliich there \nim 
in the recent condition the vessels and nerve to the masscter muscle. Tlie coronoid 
process, of variable length and beak-sha]»ed, is limited bcliiiid by a thin curved 
mai’gin, v^iicli forms tlie anterior Ixuiiidary of tlie signuud noUh. In ItoiUi its 
anterior edge is convex from above downwards and forwards, aiul becomes <u)ii- 
fluent below with the anterior boitler of tlie ramus aiul the external oblique lino. 
Tq the inner side of this ridge there is a grooved elongated triangular surface, 
the inner margin of which, couiuiencing above near.the summit of the coronoid 
jirocess^ leads downwards along the inner side of the root of the last molar tooth 
towards the internal ohlicpie line. Behind this inlgo the thickn(.^s8 of tlie ramus 
is much reduced. ♦ The temporal muscle is inserted into the •margins and inner 
surfece^ of the coronoid process. The posterior border of the lamus is continued 
upwards to support the condyle (capitulum maiulibiilic), below which it is some- 
what constricted to form the neck (collum mandiljuljc), which is com])resse(l from 
before backwards, and bounds the sigmoid hollow i)osteriorIy. To tlie inner side 
(d the neck, immediiitely below the condyle, there is a little depression (fovea 
pterygoidea) for the insertion of the external pteiygoid imisclo. The convex 
surface of the condyle is transversely elongated, and so disposixl that its long 
axis is inclined nearly hori;contally from within outwards and a little forwards. 
Th( 3 b coifvexity of the condyle is more marked in its antero-posterior than in its ^ 
transverse diameter. 

Architecture. — The mandihlo is remarkable for the density and thickness of it^^iuner and 
outer walls. Where these coalescM^ below at the base*, of the body, the bone is ]jarticiilfir]y sl-out. 

> Superiorly, where they form th(? walls of the alveol^ they gradually thin, being thicker, Iiowever, 
on the inner than the outer side, except in the region of the last jiioJar tooth ^^diere the inner 
wall is the tliiimer. The cancellous substanex^ is opeu'jiu^shedf below, tinei’ and more condenwjd 
where it surrounds tlih alveoli. The inferior dental <jaual is large an<l has no very dellnite wall*; 
it is prolonged beyond the mental fommen to reach the incisor teeth. From it nunicrous 
chauuels pass upwards to the sockets of the teetli, and it cr)iiim uni cates freely with the 
siUTOunding cancellous tissue. the cjinal the substance of the bmie broken up V>y the 

alveoli foi’ the i*eceptioii of tiie roots of the teeth. In the substance of tne condole the cancellous 
tissuci is more compact, with a general striation vertiail to the articular surface. 

Vaidur.tiojl|S.---Ooh8iderab^ differences are met with in the lieight olVhe* comiwhl profxsss : 
usually its sttuiiiiit reaches the same level as the comlyle, or slightly above it ; o<?casionally, how- 
ever, it rises to a much higher level; in other cases it is much reducKid. Them; differoiices 
natiirtilly react on the form of the sigmoid notch. The pi-ojecJflou of the mental protuberance 
is also liable to yar}^ 'Occasionally the mental foramen is double, and sometimes lbe«|iiylM-hyoid 
groove ii for a short distance converted into a canal. ‘ 

O^ification.—The deyelopmeut of the lower ja\y is ititimatoly asscieiated with 
Meokera cartilage^ the cartilaginous bar of tho first visceral or manflibujj^r arch. Meekers 
cartilages, of which there are tw6j are comiectod proximally with the periotic 
craniaj Their dishEtl ends are imit^ . in tb<3 region the syniphysis. It is in the 

connective tissue bverlying the Outer suif^ of this cartilaginous that to of 
the lower jaw is developed.^ -The cartilage ^ ccnivertod into Imiie, but under^^^ 

mc^rpltioni except ite anterior extreniity,; ^ is stated to undergo ossification to 
forin the part ^ between tbn ^®htal forara^^ 

third pir fourth ihonth ^tus tte 

fore piirt jW ^e dowhi^ the; jkw, : to which it is 

att^hj^ at the>penii% ; from th4> may he fomirds 

as a naiMw s^ip .Vhieh it 
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The proxirrM.1 cud of this furrow remains |Jermanently as the ^yld-hyoid groove. The 
part ©f the cartilage between the tympanic ring and the jaw becomes converted into 
fibrous tissue, and persists in the adult as the sO'Callcd internal lateral ligament of the 
temporo-rnaxillar}’' articulation, its proximal end through the Glaserian fissure being con- 
tinuous with the slender prf)cess of the malleus. The part which is applied to the itiner 
surface of the lower jaw disappears. In the tissue overlying the cartilage ossification 
begins by several centreg as early as the sixth or seventh week of fetal life, in this 
respect resembling the clavicle, by which it is alone preccde<i. Thd dentary or basal 
centre forms the outer wall and lower border. With this is united the splenial^portion, 
which appears somewliat later, forming the inner table from near the symphysis back- 
wards towards the opening of the inferior dental canal where it terminates in the lingula. 
By the union of these two parts a groove is formed, which ultimately becomes c*)vered in, 
and in wliich the inferior dental nerve and vessels are lodged. As has been already stated, 
the part of tlie body between the symphysis and the mental foramen is regarded as 
directly developed frtjm tlie fore part of the Meckel ian cartilage. As will have been 
gatliQj’ed from the above description, tlic up])er part of the ramu« and its processes have 
no connexion with Meekers cartilage. The condyle and the coronoid process are each 
developed from a separate centre, preceded by a cartilaginous matrix. These several 
centres are all united about the fourth month. 


At birth the lower Jaw consists of two lateral lialves united at the symphj^sis by 
fibrous tissue ; tow^ards the eiyl of the first or during the second year osseous union 



betw'.een the two 
halves is complete, 
^n infancy tile jaw 
is shallow and the 
rami proportionately 
small; further, owing 
to the obliquity of 
the ramus the angle 
is large, averaging 
about 150^ The 
mentiil foramen lies 
near the lowxr border 


e 

A 



Flu. ir2.*”LowEii Jaw at IJirth. A, As seen tVoin above; * 

13, Outer side ; C, Imun* side. 

f, Mental foratneu ; 2«,vhill^i'ior dental canal ; c. Lingula; d. Sockets for tlie dental sues. 


of the bone.* Coinci- 
dent with the erup- 
tion of the tcetl) and 
the use of the jaw in 
mastication, the rami , 
rapidly increase in 
size, and the angle 
becomes more acute. 
After the completion 
of the permanent 
dentition it ap- 
proaches more nearly 
a right angle varying 
from 110"‘to 120^ 


The body of the bone is stoi^ and deep, and tlie mental foramen usually lies midw^ay 
between the Helper and lower borders. As age advances owing to the loss of thg teeth 
and the A sequent shrinkage and absjirption of the alveolar border of the boue, the body 
bocomosf narrow and attomiatcd, and the mental foramen now lies close to thfe upper 
border. At the same time the angle opens out again (130“ to 140"), in this respect 
resembling the inf^antilb eoiidition. 


, The Hyoid Bone. ^ ^ ^ 

' The hyoid bone (osj^liyoideum), or. os linguae, though placed in the neck, is 
developiuen tally connected with tlie skull. It lies ftet\veen the inandiblc^ahovC 
and the larynx below, and is^ connected with the root of the tongue. Of U-ahaped 
forin, as its iiaiue iuy.>lies (Greek* and €tJSo^^ like), it consists in the 
central part, or body, ^vith which on either side are \ihi ted t\vp Jong 
extend backwards— the great cornua. At the point wh^re thes^ ai^ ossified 
body, the lesser cornua, which project upwards e^nd %ckwarde, arie placed./ 
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THEtHYOlD BONE, 

The body (basis) is aVched from side to*side and compressed from before back- 
wards, BO that its surfaces slope downwards and forwards. Its anterior surface 
displays a slight median ridge, on either side of 
which the bone is marked by the attachment 
of muscles. Its posterior surface^ deeply hollowed, 
is concave from side to side and from above down- 
wards. Herein lie a quantity of fat and a bursa 
which separates this asj)ect from tluj tliyro-hyoid 
membrane. The upper border is broad ; it is 
separated from the anterior surface by a transverse 
ridge, beliind which are the impresSSions for the 
attachment of the genio- hyoid muscles. Its 


FHOM THK FhONT. 

The inferior border is well defined and narrow ; it serves for the attachment of the 
omo-hyoid, sterno-hyoid, and thyro-hyoid muscles. 

The great cornua are connected on either side with the lateral parts of the 
body. At first, union is eftected by synchondroses, which, liowover, ultimately 
ossify. These cornua curve backwards as well as upwafds, and terminate in more or 
lesq rounded and expanded extremities. Compressed laterally, they serve for tlie 
attaclmients externally of the thyro-hyoid and hyoglossi musc|p8, ami tlie middle 
constrictor of the pharynx from below upwards, whilst internally tliey arc con- 
nected with the lateral expansions of the thyro-hyoid membrane, tlie free edges of 
which are somewhat thickened, and connect the extremities of the great cornua 
with the ends of the superior cornua of the thyroid cartilage below. 

The lesser cornua, frequently cartilaginous in part, are about the size of grains 
of wheat. They I'est tipon the upper surface of the bone at the jimctioiTs of the 
great cornua with the body. In youth they are separated from, but in atlvamsed 
life become ossified with, the rest of the bone, from which they are diroclied upwards, 
backwards, and a little outwards. Their summits are connected witli tfec stylo- 
hyoifl. ligaments \ they also serve for the attachment of muscles. 

Connexions. — The hyoid is slung from the styloid processeB of Ihe temporal holies hy l.lfti 
stylo-liyoid liganieiite. liiferiorly it is connected' with the thyroid cartilage of the larynx i»y 
dl/he thyro-hyoid ligaments and membrane. Posteriorly it is intimately associated with the 
epiglottis. " ^ 

Ossification. — In considering the development of the* hyoid bane it is necessai’y to 
refer to the arrangement and disposition of the cartilaginous bars of the second and third 
visceral arches. That of the second visceral arch, the hyoid bar — or Reichert's cartilage, 
as it is sometimes called — is y^nited above to the petrous temporal,, whilst vontrally it is 
joined to its fellow of the opposite side by an independent mesial cartilage. Choiidrifica- 
tion of the third visceral arch only occurs towards its ventral extremity, forming what is 
known as khe thyro-hyoid bar. This also unites with the mesial cartilage above nientioned. 
In these cai'tilagitious processes ossific centres appear in certain definite situations. 
Towards the end of fcstol life a single centre (by some autHTorities regarded^ as primarily 
doublojf api^ears in the mesial cartilage, and forms the body of tne fbcnm 
About the same time o^fication begins in the loVer ends of the thyro-hyoid bars, and 
from these the great cornue are developed (tbyro-hyals). During the first year the lower 
ends of the hyoid bai» begin to ossify and form the lesser oornu|t (ceiuto-hyals)* The 
cephalic ends of the same cartilages meanwhile ossify to form the styloid prpce«ieS (stylo* 
hyals), (see the inWyenmg poitmUs of c»rti& undergo resorption and 

become into the fihro of the stylo-hyoid ligaments, which in the adult 

ootiuect the lessieir epnfua with the stvloid^^pipcesses of the temporal bonov The great 
comue^fuse with the body in middle life the 1 only at 

peridd. Variations in the coiirsC of development to hitere 8 tin 4 S anomalies of 
hyoid apf^iatua The lesser torhua may he un^ 

. be bony ; gi this the c^^ilage oh to lho 

; further stage Of auVe]^fh;fal elehient;eo^ the 

dog. The ossih^^^ thitotigh thO; bO 

mist^en f^^^ forhiji^: body; 


hinder edge is tliin and sharp ; to this, above, are 
attached the genio-glossi, whilst behind and below 
the thvro-hvoid inembfane is connected with it. 
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THE SKULL AS A WHOLE. 

The skull as a whole .may be studied as seen from the front (norma frontalis), 
from the side (norma lateralis), from the back (norma occijutalis), from above 
(norma vcrticalis), and from below (norma basalis). 

NoiiMA Frontalis. 

Tn front, the smooth convexity of tlie frontal bone limits this region above, 
whilst inferiorly, when the lower jaw is disarticulated, the teeth of the upper jaw 
form its lower boundary. The large openings of the orbits are seen on either side ; 
whilst placed mesially and at a somewhat lower level, is the anterior nasal aperture 
(apertura pyriforme), leading into the nasal fossae. 

The frontal region, convex from above downwards and from side to side, is 
limited externally by two ridges, which are the anterior extremities of the temporal 
lines. Superiorly the fulness of the bone blends with tlie convexity of the vertex. 
Inferiorly the frontal bone forms on either side the arched superior border of the 
orbit (margo supraorbitalis). The space between these borders corresponds to the 
root of the nose, and here dre seen the sutures which unite the frontal with the 
nasal bones in the middle line, and with the nasal process of the superior maxilla 
on either side, callej^l the naso-frontal and fronto-maxillary sutures^respectively. The 
orbital arch is thin and sharp externally, but becomes thick and more rounded 
towards its inner side, where it forms the internal angular process and unites with 
the frontal process of the superior maxilla and the lachrymal bone on the inner 
wall of the orbit. This arched border is interrupted towards its inner side by 
a notch (inoisui’a supraorbitalis), sometimes converted into a foramen for the 
transmission of the supraorbital nerve and artery. In the middle line, just abovb 
the naso-frontal suture, there is often the remains of a median suture (sutura 
frontalis), which marks the fusion of the two halves from which the bone is 
primarily, ossified. Here also a prominence, of variable extent — the glabella; — is met 
with ; from this there passes out on either side above and over the orbital mafgin 
a projection called the superciliary ridge (arcus superciliaris). 

The Orbital fossse, of more or less conical form, display a tendency to assume 
the shape of four-sided pyramids by the Hattening of the superior, inferior, and 
lateral walls.^ The base, whicli is clirected forwards and a little outwards, 
corresponds to the orbital aperture. Tlie shape of this is liable to individual and 
racial variations, being nearly circular in the Mongoloid type, whilst it displays a 
more or less quadrangular form in Australoid skulls. The upper margin, as has 
been already stated, is formed by the frontal bone between the internal and external 
angular processes. The outer, and about half the lower, margin are formed by the 
sharp curved' edge between the facial and orbital surfaces of the malar bone. The 
internal border' and the remainder of the lower margin are determined by the 
outer surface of the frontal process of the superior maxilla, and the sharp edge 
separating the facial Irom ^he orbital surface of the same bone. Three sutures 
interrupt txhe continuity of the orbital margin — the fronto-malar (sutura zygoidatico- 
frontaliQ externally, tlio fronto-maxillary (sutura fronto-maxillaris) internally, both 
lying about the same level, and the malo-maxillary (sutura zygomatico-maxillaris) 
inferiorly. The fjr;;p^!a;iof the space is directed backwards and inwards, so that the 
inner walls of the two orbits lie nearly parallel to ‘each other, whilst the outer 
walls are so disposed as to form nearly a right angle with each other... The depth of 
the orbits measures, on an average, about two inches (5 cm.). At the apex there are 
two openings ; the larger, known as the sphenoidal fissure (fissura orbitalis superior), 
pmsses from the apex of the space outwards and a little upwards for the distance 
of three-quarters of an inch or so, between the roof and outer wall of the orbit^^^^^^^^ 
inner third of this fissure is broad and of circular form. Externally it is consider- 
ahly reduced in width. Through this the third, foiirih, ophthWmic divisi^h 
fifth, and tlie sixth nerves enter the orbit, whijist ctbe ophthalnuc yeiha p^ 
backwards through it. Above and internal to the? inner end of the 
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fissure there is a smallei circular opening, •the optic foramen (foramen oi^icum), for 
the transmission of the optic nerve and ophthalmic artery. , 



Fjia. 114r~NoRMA Feoktalib. » 


1. Mefttal protuberance. . X3. Optic foramen, ^ 25. Sqnamoue temporal, v ^ 

2. BcKljj^oflowerjaw, 14. Orbital foramina. “• 20. l^eft nasal bone. . \ 

3. Earous of loiter jaw. 16; Temporal ridge. 27, Malar bone. 

4:. Anterior nasal spine, 16. Supraorbital notch. 28. Spbeno^maxUlary OMure* 

6; Ganine fossa. 17. Glabena. 29. ZygpnaUo / ^ / 

6. mfrsorbital c,anal. • 18^ frontal eminence. 80. Anterior nalal apertni'o, diBplayiiifl 

7; ;Mal«r ba^ 19: Superciliary rid^. nasal Selituitt aM^^^^ 

& Orbital snrlbee of superb^^ 20. Parietal boiie^ middle turbinated bones. , 

maxillai 21. Fronto-nasal suture. ^ v 

9.:Tem^iilfo.^a. 22, Pterion. ' ^ ■■ ■•>■ 

lO; Osiblaiium of isthiubid. 29. Great wiiig.dfapbwoldi,v; , :• 88. ^gte 6f jaiir; ■ 

^ .n;;i3pheuoidatdMate^ -.24. Orbitel:eurfse6-of:^^wilig:.:;v84.=<:M 

. ;/ 12; ^liwdiryiiiia boitoi^aud'iorooi^. A. ^ ofaito^ x'; • 
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Optic foranien and forms the upper border of the aphenoii^l fissure. Externally 
this surface is separated from the outer wall by the sphenoidal fissure posteriorly, 
anteriorly by an irregular suture between the orbital part of the frontal and 
the upper margin of the orbital surface of the great wing of the sphenoid, ex- 
ternal to which the external angular process of the frontal articulates with the 
malar. Internally the roof is marked ofi* from the inner wall by a suture, more 
or less horizontal in direction, between the orbital plate of the frontal and the 
following bones in order from before backwards, viz. the frontal process of the 
superior maxilla, the lachrymal bone, and th® os planum of ethmoid. Jn the 
suture between the last-mentioned bone and the frontal there are two foramina, 
the anterior and posterior internal orbital or ethmoidal canals (forapien ethmoidale 
anterius et posterius); both transmit ethmoidal vessels — the anterior affording 
passage to the nasal nerve as well. The roof is concave from side to side, and 
to some extent also from before backwards. About midway between the 
fronto -maxillary suture and the supraorbital notch or foramen, but within 
the ihargin of the orbit, there is a small depression, occakonally replj^ced by a 
spine (fovea vel. spina trochlearis), for the attachment of the cartilaginous pulley 
of the superior oblique muscle of the eyeball. Under cover of the external 
angular process the roof is more deeply excavated, forming a shallow fossa for the 
lodgment of the lachrymal gland (fossa glandube lachrymalis). In front, the roof 
separates the orbit from the frontal sinus, and along its inner border it is in relation 
with the etbmoidal air-cells. The relation to these air spaces is variable, dei)ending 
on the development and size of the sinuses. The rest of the roof,.which is very thin, 
forms by its upper surface the floor of the anterior cranial fossa, in which are lodged 
the frontal lobes of the cerebrum. 

The floor of the orbit is formed by the orbital plate of the superior maxilla, 
togetlier with part of the orbital surface of the malar bone, and a small triangular 
piece of Ijone, the orbital process of the palate, which is wedged in posteriorly. 
ISxternally, for three-quarters of its length posteriorly, it is separated from the outer 
wall, which is here formed by the great wing of the sphenoid, by a cleft called the 
spheno-maxillhry fissure (fissura orbitalis inferior). Through tliis there pass the 
superior maxillary division of the fifth nerve on its way to the infraorbital cnnal, the 
‘ orbital or temporo-malar branch of the same nerve, the infraorbital vessels, and some 
twigs from Meekers (spheuo-palatine) ganglion. By means of this fissure the orbit 
communicates with tlie spheno-inaxillary fossa behind and the zygomatic fossa to 
the outer side. Internally the floor is limited from behind forwards by the suture 
between the ffdlowing bones, viz. tlie orbital process of the palate below with the 
body of the sphenoid above and behind, and the os planum of the ethmoid above and 
in front — anterior to which the orbital plate of the superior maxilla below articulates 
with the os planum of the ethmoid and the lachrymal above and in front. At the 
anterior extremity of this line of sutures the inner edge of the orbital plate of the 
superior maxillit is notched and free between the point where it articulates with the 
lachrymal posteriorly and the part from which its frontal process rises. Here it 
forms the outer edge of a cailal, down \vhioh the membranous nasal duct passes to 
the nose. The floor of the orbit is thin behind and at the sides, but thicker in : 
front where it blends with‘'\he orbital margin. Passing in a sagittal direction 
through, its substance is the infraorbital canal, the roof of which is usually deficient 
behind, Vhere it becomes continuous with a broad, shallow groove, which leads 
forwards from the anterior margin of the spheno-maxillary fissure. This canal 
(oaiialis in Iraorbifalisy opens on the facial surface of the superior maxiUary imme^ 
diately below the orbital margin (foramen iiifraorbita‘le)and transmits the superior 
maxillary division of the fifth nerve, together with the infraorbital vessels. The 
floor forms a thin partition which separates the orbit from the antrum or sinus of 
the superior maxilla, which lies below. Internally it completes the lower ethmoidal 
air-cells, and separates the orbit from the middle meatus of the nasal foss®. 

The outer tmll of the orbit, wlrioh is the strongest, is formed by the orbital 
surface of the glreat wing of the sphenoid and the upper part of the orhitf.! sui^ 
of the malar bone. Above it, behind, is the s^enoidjd 'fissuw,- w^^ 
and extending much farther forward, is the spheno*maxttlyry fisstbre. The anteitipy 
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margin of the outer wall ie stout and farmed by the malar bone, bellind which, 
formed in part by the orbital process of the malar bone and the malar edge (piargo 
zygomaticua) of the great wing of the sphenoid, it forms a fairly thick partition 
between the* orbit in front and the temporal fossii behind. Crossing this surtace 
from above downwards close to the anterior extremit/ of the spliono-iuaxillary 
fissure is the suture between the malar bone and tlie great wing of the sphenoid 
(sutura spheno-^zygomatica). , I'his wall is pierced in • front by one or two 
small canals (foramen zygomatico-orbitale), which traverse the malar bone and 
allow oS the transmission of the teuiporal and malar branches of the orl)ital portion 
of the superior maxillary division of the fifth nerve. 

The ioiner wall of the orhit is ftu'nied from before backwar<ls by a small i>art of 
the frontal process of the superior maxilla, by the lachrymal, and by the os planum or 
orbital plate of the ethmoid (lamina papyracea oasis ethinoidalis), posterior to which 
is a small part of the lateral aspect of the body of the sphenoid in front of the 
optic foramen. Abov^, the orbital plate of the frontal bone ibrms a contiguous 
suture fr(Stn before backwards with the bones just enumerated ; wliilst below, the 
lachrymal and the orbital plate of the ethmoid articulate with the orbital plate of 
the superior maxilla ; posteriorly the hinder extrejiiity of the os jdanuni and the 
part of tliQ body of the sphenoid articulate with the orbital jn'oeess of the 
palate. The orbital surface of the lachrymal bone i8d.livided into two by a vertical 
ridge — the lachrymal crest (crista lachrymalis posterior) — >vhi(di forms in front the 
posterior half of a hollow, the lachrymal groove (sulcus lachryniniis), the anterior 
part of which is cempleted by the channelled posterior l)order iff tlie frontal process 
of the superior maxilla. In the lachrymal groove or fossa (fossa sacei lachrymalis) 
is lodged the lachrymal sac, whilst passing from it and occupying tlie canal, of 
which the upper opening is at present seen, is the membranous nasal duet. The 
extremely thin wall of the lower part of the lachrymal i'ossa se])arates the orbit 
from the fore part ijf the middle meatus of the iiastil fossa. To the inner side of 
the upper and fore part of the lachrymal bone, and separated Irom the orlat merely 
by the thickness of that hone, is the passage leading from the nose tp the iroiital 
sinus (infundibulum ethmoidale), whilst the part of tlie bone behind the lachrymal 
cregti fof ms the thill partition between the orhit and the anterior ethuifiidal cidls., 
Behind, where the body of the sphenoid forms part of the inner w^all of the orbit, 
the sphenoidal air sinus is in relation to the apex of that space, tliou^ here t!ie 
partition wall between the two cavities is much thicker. 

• The skeleton of the face on its anterior' surface is formed by the two superior 
maxillse, the frontal processes of which have been already seen to piSS up to articu- 
late with the intemal angular processes of the frontal bui/e, thus forming the lower 
halves of the inner margins of the orbit. Joined to the up];icr jaws externally are the 
malar or cheek bones (ossa zygomatica), which are supported by tlieir union with the 
temporal bones posteriorly through the medium bf the zygoniatjjic arches. The 
suture which separates the malar from the superior maxilla (sutura zygomatico- 
inaxillarifl) commences above about the centre of the lower erbital margin and 
passes obliquely downward and outward, its lower end lying in vertical line with 
the outer orbital niargin. Tlie two superior maxilla^ are separated by the nasal 
fossm, which here oiien anteriorly. Above, the two nasal bones are wedged in 
between the frontal jprocesses^^o the maxilla; Avhilst below the nasal aperture, the 
maxill^ themselves arC the middle line by the intermaxillary sutui*© 

(sutura intefmaxillaiis). ^ , 

The tiasal apertttte (aperfcura pyri^^^ below and in part between 

the orbits, ils of yariabln shape and size— usually pyriform, it tends to be Ibng^^m 
narrow in with the shorter and wid^^ wit^ in 

the nevoid rac^. Its edges are form^ either ^sidev by^ the^ fe^ 

curved of the body^nd the frdn& p of the supetior ^ m 

above, end by:^h^^^!^^ the nml bpn^/ In thife^ 

xniddie yih»^*tt|fper tbeviniterm^ 

sutnre there is; in- ; gutstanding Spine 

anterior) 
this,- 
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septum of fihe nose. Often deflected to ‘one or other side, it divides the cavity of 
the nose (cavuni nasi) into a right and left half. Projecting into these chambers 
from their outer walls can be seen the inner surfaces and^free borders of the middle 
(concha media) and inferior (concha inferior) turbinated bones, the spaces below 
and between which form the inferior and middle meatuses of the nose respectively. 

Below the orbit, and to the outer side of the nasal aperture, the anterior or 
facial surface of tlie body of the superior maxilla (corpus maxilhn) is seen ; this is 
continuous inferiorly with the outer surface of^the alveolar process (process alveo- 
laris), in which are embedded the roots of the ui)per teeth. 

A horizontal line drawn round the jaw on the level of a point midway between 
the lower border of the nasal aperture and the alveolar edge corresponds to the 
plane of the hard palate. Below that the alveolar process separates the cavity of 
the mouth from the front of the face ; whilst above, the large air sptice, the maxil- 
lary sinus (sinus maxillaris), or antrum of Highmore, lies within the body of the 
superior maxilla. < , 

The malaf or cheek bone (os zygomaticum) forms the lower half of '^ohe outer, 
and outer half of the lower border of the orbit. Its outer aspect corresponds to the 
point of greatest widtii of the face, the modelling of wliich depends on the flatness 
or projection of tliis bone. 

When the lower jaw (maiidibula) is in position, and the teeth in both jaws are 
complete, the lower dental arch will be seen to be smaller in all its diameters than 
the upper, so that when the jaws arc closed the upper teeth Blightly overhij) the 
lower both in front and at tlie sides. Exceptionally a departure rrom this arrange- 
ment is met with. 


Norma Lateralis. 

Viewing this aspect of the skull, in the first instance, witlv^ut the lower jaw, it 
is seen to be Ibrmed in part by the bones of the cranium, and in part by the bones 
of the face. ^ A line drawn from the fronto-nasal suture to the tip of the mastoid 
process serves to define roughly tlie boundary between tliese portions of the skull. 
-Of ovoid sliapo, the cranium is formed ttbovo by the frontal, parietal, and 6ccipdtal 
bones from before backwards ; whilst below, included within these are the sphenoid 
and temporal bones. The sutur(3s between these several bones are arranged as 
follows : — Commencing at tlie external angular process of the frontal, the suture 
between that bone and the malar is first seen ; tracing this backwards and a little 
upwards, tlie Ibvver edge of the frontal next articulates with the upper margin of the 
great wing of the sph'CiioM for a distance varying from three-quai'tors of an inch to 
one inch. Here the posterior border of the frontal turns upwards and slightly back- 
wards, forming with the parietal the coronal suture (sutura coronalis). The lower 
border of the parietal bone, which is placed immediately behind the frontal, articulates 
anteriorly with the hinder part of the upper edge of the great wing of the sphenoid. 
The extent of tliist suture (sutura spheno-parietalis) is liable to very great indi- 
vidual variation — at times being brotid, in other instances being pointed and 
narrow, whilst occasionally tl^e parietal does not articulate with the sphenoid at all. 
Behind the spheno-parietal suture the parietal articulates with the squamous: part 
of the ^eiuporal (sutura squamosa)* This repeats to a certain extent the^ curve 
formed by the outline of the calvaria, and ends i)Osteriorly about one inch behind 
tlie external auditory peatus. Here the suture alters its character and direction, 
and in place of being scaly, liccomes toothed and irregular, uniting for the Bpace of 
an inch or so the posterior inferior angle of the parietal with the mastoid process 
of tlie temporal bone. This suture (sutura parieto-mastoid) is more or less hori- 
zontal in direction, and lies in line and on a level with the upper border of the 
zygomatic arch. At a point about two inches behind the external auditory m^tus 
the posterior border of the parietal bone turns obliquely upAvarSs and backwards, 
and* forius with ’ the tabular part of the occipj.tal bone the strongly-denticitlatcd 
lambdoid suture (sutifai laiubdoidea). Inferiorly tlids suture, ie continued >bUq^ 
downwards between the occipital bone and the hind.er bqpder of the maBtql^ 
of the temporal, where it forms the oGcipi^-)Pfwto:id suture (sutura 
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inastoidea), much simpler and less serrated than the two previously^ mentioned. 
These three sutures just described meet in tririidiate fashion at a point.called 
the asterion. , 

Anteriony the curve of the squamous suture is continued downward between 
the anterior edge of the SQuaiuous part of the temnoral and tlie nosterior border of 
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the attachment of the temporal fascia. * Commencing in ‘front at the external 
angular process of the frontal, the crest sweeps upwards and backwards across the 
lower part of that bone, and then crossing the coronal sjature — a poiiit called the 
stephanion — it passes on to the parietal, over which it curves in the direction of its 
posterior inferior angle. Here it is continued on to the temporal bone, where it 
sweeps forward to form tlie supramastoid crest, which serves to separate the squamous 
from the mastoid portion of the temporal bone externally. Carried forward, this 
ridge is seen to become continuous with thq upper border of the zygomatic 
arch over the external auditory meatus. In front, the temporal ridge separates 
the temporal fossa from the region of the forehead; above and behind, it bounds 
the temporal fossa which lies within its curve, and serves to separate tha't hollow 
from the surface of the calvaria which is overlain by the scalp. Above the level 
of the temporal lines the surfaces of the frontal and parietal bones are smooth, 
the latter exliibiting an elevation of varying prominence and position, but usually 
situated about tlie centre of the })one, called the parietal eminence (tuber parie tale). 
A slight liollowing of the surface of the parietal behind and parallel to the coronal 
suture is not uncommon, and is referred to as the post-coronal depression. As 
seen in jjrofile,, tlie part of tlie calvaria behind and below the lamb^oid suture is 
formed by the tabular part of the occipital bone. In line with the zygomatic artfli 
this outline is interrupted by the external occipital protuberance or inion (protuber- 
antia occipitalis externa). The projection of this point is variable ; but its 
position can usually lie easily determined in the living. Passing forwards *from 
it, and blending anteriorly with the posterior border of the mastoid process of the 
temporal bone is a rough crest, the superior curved line (linea nuohie superior), a 
little above which there is often a much fainter line, the highest curved line (linea 
nuchic suprema) ; this affords attachment to the epicranial aponeurosis. These two 
lines serve to separate the part of the cranium above, which is covered by scalp, 
from thatfoelow whicli serves Ibr tlie attachment of the fleshy •muscles of the back’ 
of the neck, the latter surface (planum nuchale) being rougli and irregular as 
contrasted with the smooth superior j)art (planum occipitale). The fulness of 
these two jjarts of the occipital bone varies much. There is frequently a pronounced 
tbulging of the planum occipitale, and the position of the lambda can often'^be 
easily determined in the living ; similarly the planum nuchale may be cither com- 
paratively^flat or else full and rounded. These differences are of course associated 
with corresponding differences in the development of the cerebral and cerebellar 
lobes wliicli are lodged in relation to th(j internal aspect of these parts of the bone. 
The further description of the planum nuchale is best deferred till the base of 
the skull (norma basalis) is studied. 

Temporal Fossa. — Within the limits of the temporal lines the side of tlie cranium 
slopes forwards, injvards, and downwards, thus leaving a considerable interval between 
its lower part aivl the 'zygomatic arch. This space or hollBw is called the temporal 
fossa (fossa temporalis) ; bounded above and behind by the temporal lines, its inferior 
limit is defined by tlA.i level of tlie zygomatic arch. Deepest opposite the anglaformed 
by the frontal and temporal processes of the malar bone, the fossa becomes shallow 
towards its circumference. Its floor, which is slightly concavo-convex from before 
backwai'‘ds v\l)oiU mid-level, is formed above by the temporal surface (facies tempolalis) 
of the fitontal, behind by tlie anteri6r inferior angle (angulis sphenoidalis) of the 
parietal, as well as the lower portion of that bone, below the temporal crest ; below 
and in front by the teviporal surface of tlie great wing of the sphenoid, and behind 
and below by the squamous portion of the temporal bone. Inferiorly the floor is 
limited in iront by the free inferior border of the great wing of the sphenoid, which 
forms the upper boundary of the spheno-maxillary fissure; behind that, by a rough 
'‘ridge, the infratemporal crest or pterygoid ridge (crista infrateniporalis), which 
crosses the external surface of the great wing of the sphenoid, to become con-^ 
tinuous posteriorly with a ridge on. the lower surface of the squamous temporaly 
froirf whieh the Anterior root of the zygomatic process springs* In front 
temporal fossa is separated from the orbit by the external aUgular piuce^ of the 
frontal above, And by the orbital process of the malar and its Junction to 
external border of the great tving of the i|phenoid between the orbital and 
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Biirfaces of that process.* Externally and *in front, the fossa is overhung by the 
backward projection of the frontal process of the>malar bone, and it is under rfsover 
of this, and within the ang],e formed by the frontal and orbital processes of the malar, 
we see the opening of the temporal canal, which pierces the orbital plate of the 
malar and transmits the temporal branch of the orbital nerve — a lilameut of the 
superior maxillary division of the V nerve. The fore part of the spheno-maxillarjr 
fissure (fissura orbita inferior) opens into the lower part of .the temporal fossa, and 
thus establishes a communication Jjetween it and the orbit. If the floor of the 
fossa bfe carefully examined, some moix) or less distinct vascular grooves may 
be seen. One passing upwards over the posterior part of the siinamous 
temporal; immediately in front of and above the external auditoiy meatus, is for 
the middle temporal artery ; two others, usually less distinct, piss iip, one over the 
temporal surface of the great wing of the sphenoid, the other over the fore part of 
the squamous temporal ; these ai’e for the anterior and posterior deep temporal 
branches of the internal maxillary arteiy. The fossa contains the temporal npiscle 
with its v^bsels and nerves, together with the temporal branch of the orbital nerve 
and some fat ; all of vyhich tire enclosed by the fixscia which stretches over the space 
from the upper temporal line above to the superior border of the zygomatic arch 
bdqw. The extent of the fossa depends on the size of the tompu'al muscle, 
the development of wluch is correlated with the wze and weight of the lower 
jaw. 

Springing from the front ami lower part of the stiuamous ti!m])oral is the 
zygomatic process df that bone; it has two roots, an anterior and*a posterioi', l)ctweeu 
and boiow which are placed the glenoid fossa (fossa mandibnlaris) in front, ami the 
opening of the external auditory meatus behind. Of compressed triangular form, the 
process at first has its surfaces directed upwards and downwards, but curving out- 
wards and forwards, it twists on itself, so that its narrowed surhices are now turned 
butwards and inwards, and its edges upwards and downwards; passing ferwards, it 
expands somewhat, and ends in an oblique serrated surface, which unites with the 
temporal proce^ of the malar bone and completes the zygomatic arqh. It is the 
upper e^ge of this bridge of bone which forms the posterior iwt. The lower border, 
tufning inwards, forms the anterior root, and serves to separate the temporal from, 
the zygomatic surface of the squamous temporal, blending in front with the infira- 
temporal crest on the outer surface of the great wing of the sphenoid. The under 
surface of this root is convex from before backwards, and is thrown into relief by 
' the gloioid hollow, which passes up behind it. In this way a downward projection, 
which is called the eminentia articularis, is formed. . 

The alar spine of the sphenoid (spina angulatis) Kes 'immediately to the 
inner side of the articular part of the glenoid fossa. Its size and projection vary. 
It is well to remember its relation to the condyle of the lower jay when that bone 
is in porition; lying, as itidoes, to the inner side and a little in fron( of that prooew, 
it affords attachment to the so-called long internal lateral ligament (spheho^ 
mandibplar) of the temporo-maxillary articulation. As will be seen hereafter, the 
anterior extremity of the osseous Eustachihu canal lies immediately to its inndr 
side (p. 169), , A noteworthy feature about the articiilar part of the glenoid fosda 
is tte thinness of the bony plate which serves to separate it from ^he ndddlo: 
oranud fossa above. The vagjhal process is a crest of bone which runs ^bliqtmly: 
forwiffds from the front and inner side of the mastoid process,: just below itho^ 
extefhal auditory meatus, to the alar^^ine o;f the ^henoia, PiUBing downwards: 
and sHglit!^ forwards from Mie centre of this, and eusheathod by it 
at the: mdesi is the ]^inted styloid process, the length:dtwhiph ie extremely 

In the recess be^weeh ths p^torior root of toe’ zygoma and the: upfo*: iehryOd^ 
edge : pf : toe m there is; aSaaUy a^ ^^ressihm tl^iqgk ^ 
toplaoed by a sliglft bul^ng 
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tabular plxte of the occipital, there is « usually a foramen i(mastoid) for .the trans- 
mission of an emissary vein from the lateral sinus within the cranium to the 
cutaneous occipital vein of the scalp ; this opening, which may be double, varies 
greatly in size, and is usually placed on a level wfth the external auditory 
meatus. * • 

Zygomatic Fossa. — The side of the cranium in front of the anterior root of the 
zygomatic process of tjne temporal bone is deeply hollowed, forming the zygomatic 
or infratemporal fossa (fossa infratemporalisj ; this in topographical anatomy 
corresponds to the pterygo-maxillary region.’ The student must bear fli mind 
that, in examining this space, the ramus and coronoid process of the lower 
jaw form its outer wall ; but this bone for the present being withdrawn, eeiables us 
to get a better view of the boundaries of the space. In front its dntenor wall 
is formed by the convex posterior or zygomatic surface (facies infratemporalis) 
of the superior maxilla, which rises behind the socket for the last molar tooth to 
form the tuberosity (tuber-maxillare). Anteriorly the zygomatic surface of the 
upper jaw is separated from its facial aspect by the sharp inferior margin of the malar 
or zygomatic process which supports the malar bone. This latter curves outwards 
and backwards, forming part of the uj)per and anterior wall of tlie fossa. On the inner 
surface of this wall will be seen the suture uniting the malar and superior maxillary 
bones (sutura zygomatico-maixillaris), which runs obliquely upwards and inwards 
to reach the external extremity of the 8 i>heno-maxillary fissure, the lower border of 
which forms the superior boundary of the zygomatic surface of the upj)er jaw*. On 
this aspect of the btoe are to be seen the openings of the postferior dental canals 
(foramina alvoolaria) two or more in number, which transmit the nerv^^s and 
vessels to the upjjer molar teeth. The inner wall of the zygomatic fossa is formed 
by the outer surface of the external pterygoid plate (lamina lateralis i:)roce 8 Sus 
pterygoidei), the width and shape of which varies greatly ; its posterior border is 
thin and ^harp, and often furnished with spiny points, to one of which the pterygo*- 
spinous ligament, which stretches from this border to the alar spine of the sphenoid, 
is attached. It occasionally happens that this ligament becomes ossified. ^ 
Anteriorly tfie external pterygoid plate is separated from tlie superior maxilla' 
above l)y Un interval called tlio pterygo-maxillary fissure. Below this the bonesrure 
apparently fused, but a careful inspection of the skull, together with an examina- 
tion of tlv3 disarticulated bones, will enable the student to realise that, wedged in 
between the two bones at this point, is a part of one of the smaller bones of the 
face, the tuberosity of the palate bone (processus pyramidalis ossis palatini). ^ 

' The lower ‘border of the external pterygoid plate is usually curved and slightly 
everted. Superiorly, where the external pterygoid plate is generally narrower, it 
sweeps upwards to become continuous with the broad under surface of the great 
wing of the sphenoid ; this, which overhangs in part the zygomatic fossa superiorly, 
is limited above *by tlie infratemporal crest which separates its zygomatic from its 
temporal surface. The zygomatic surface of the great wing of the sphenoid is 
limited in, front and below by the edge which forms the upper boundary of the 
spheno-maxillary fissure, whilst behixd it reaches as far back as - the inner 
extremity of the Glaseriaii insure, where it terminates in the alar spine. It is 
from this point that the suture (sutura sphoiio-sqnamosa) curves forward and 
upwards to reach the region of tlie pterion. The infratemporal or zygpmatic 
surface of the great wing of the sphenoid, and the outer surface of the external 
pterygoid plate, alike afford extensive attachments for the external pterygoid 
muscle, whilst the former is pierced by minute capals for the transmission of 
emissfiry veins. Occasionally a larger vascular foramen is present (foramen Vesalii), 
through which a vein runs from the cavernous sinus within the cranium to the 
pterygoid venous plexus situated in tlip pterygo-maxillary region. Immediately 
beliind the root of the external pterygoid plate there is a* large oval hole, the forfuiien 
ovale, and behind that, and in line with the alar spine, is the smaller forainep 
spippsunu These two foramina cannot usually be seen in a side view of the skull, 
and are better studied when the base is examined 4 they ^re >mentionedi hpwev!^, • 
because thoy#transmit structures which here pass from %nd enter the cranium^ 
the inferior maxillary division of the fifth ner^e, together with its 
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the small meningeal artery through the f<A‘amen ovale, and the middle ^leningetil 
artery and its companion veins through the foramen spinosum. A part qf the 
squamous temporal also forms a small portion of the roof of this fossa : it consists 
of a triangular area immediately in front of the emiuentia articiilaris, and between 
it and the anterior root of the zygomatic jn'ociess of the* temporal, which is here 
curving inwards and forwards, to become continuous with the ini'ratemporal crest. 
Internally this sqrface is continuous with the zygomatic surface of the great wing 
of the sphenoid, separated from it, ^however, by the hinder part of the splumo- 
squamoiftil suture. 

When the lower jaw is in position, the zygomatic fossa is eonc(>a.lod by tlio 
ramus of the mandible, the inner suuface of winch, in its upper hall\ forms tlie outer 
wall of that space. Viewed from the outer side, the ramus of the inferior maxilla 
displays considerable differences in difiercnt skulls. These are mainly iluo to varia- 
tions in its width and in the nature of the angle which it forms at its fusion with 
tlie body of the bone. •A considerable interval sei)ariitos the posterior border of tbo 
ramus IroA the front of the mastoid process. Within this space may be seen the 
free inferior edge of the tsrmpanic plate (vaginal process), from vvliicli, just below 
the external auditory meatus, the styloid process of the temporal bone is oliserved 
passing downwards and slightly forwards. The width and height of tlie coronold 
process vary much, oftentimes reacliing tlie level of 4110 top of tlie (jondylo. Its 
extremity, when the lower jaw is closed, lies just witliin the fore part of the zygo- 
nia'tic*arch, at other times rising to a imicli liiglier level so that its point may ho 
seen above the le^el of the upper border of tiro zygomatic aTch. The posterior 
edge o& the coronoid process forms the anterior liorder of the sigmoid notch, and 
limits in front the interval left between the lower border of the posterior hfilf of 
the zygomatic arch and the upper hollowed edge of the ramus. On looking into 
this interval, the floor of the zygomatic fossa may be seen, i’ormed anteriorly l»y the 
external pterygoid pjate; whilst posteriorly it is possible to pass a jimbo right 
across the base of the skull from one sigmoid notch to the other, the sluift of the 
probe lying irhinediately behind the pterygoid processes of the s[)h(moiil, and cross- 
ing the foramina ovalia, through which the inferior maxillary divisions of tlie lifth 
nerves p^ss. ^ 

The ramus and coronoid process are so placed as to occupy a position inter- 
mediate between the zygomatic arch externally and the external pterygiiid plate 
internally ; their inner surface, therefore, forms the outer wall of the zygomatic fossa. 
•On a. level with the surface of tlie crowns of the teetli of the lower jaw, and 
situated about the middle of this aspect of the rainui^. is the inferior <tental foramen 
(foramen mandibukre), the superior opening of the inferior dental canal (canalis 
mandibulae), which traverses the body of the bmie. Through this foramen there 
pass the inferior dental branch of the inferior maxillary division the lifth nerve, 
together with the inferior dental artery and its companion veins. jJ^s will now bo 
seen, when the lower jaw is in position, the zygomatic fossa is closed in externally 
by the rijmus of the mandible. In front there is an interval hetwoen tin) anterior 
Wder o^ the ramus and the zygomatic surface of the superior maxilla, through 
which pass the buccal branch of the fifth nerve aiyl the communicating vein 
between the pterygoid plexus and the facial vein. Above, in the interval between 
the sig^Loid edge and the lower border of the zygomatic arch, there pass the 
fossa the vessels and nerves which supply the inasseter muscle. Between the 
posterior border of the ramus and the styloid process there, enter and leave tlie 
large vei^s wlbich^ are found within the spaOe. Superiorly, under cover of the 
zygomatic arch; the ;^gomatlc fossa cominunicates with the temporal fossa, whilst 
inferiorly it.is^ with the inframaxillary oh the 
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The fallowing foramina open into ‘the zygomatic foSsa — the foramen ovale, 
foramen spiuosum, posterior dental foramina, inferior dental foramen, minute 
foramina for the transmission of emissary veins ; of .these one of^ large size is 
occasionally present, the foramen of Vesalius. 

Spheno-Maxillary Fossa. — This space, which corresponds to the angular interval 
between the pterygo-maxillary and spheno- maxillary fissures, and which lies 
between the maxilla in front and the root of the pterygoid process behind, is 
bounded internally by the vertical plate of the palate bone, which separates it 
from the nasal cavity, with which, however, it communicates by meanfe of the 
spheno-palatine foramen, wliich lies between the orbital and sphenoidal processes of 
the palate bone and the under surfiice of the body of the sphenoid. * Opening 
into this fossa, above and behind, are the foramen rotundum, the Vidian canal and 
the pterygo-palatine canal from without inwards, whilst below is the superior 
orifice of the posterior palatine canal, together, with openings of the accessory 
posterior palatine caiials. Its roof is formed by the under ‘’surface of the body of 
the sphenoid and the orbital plate of the palate bone. Anteriorly it lie^ in relation 
to the apex of the orbit, with which it communicates by means of the spheno- 
maxillary fissure ; wlnlst externally, as already stated, it communicates with the 
zygomatic fossa through the pterygo-maxillary fissure. 

«■ 

Norma Occipitaus. 

This view of the cranium includes the posterior halves eff the two parietal 
bones above, the tabular j)art of the occipital bone below, and the mastoid portions 
of the temporal bones on either side infcriorly. The shape of this aspect of the 
skull varies much, but ordinarily the greatest width corresponds to the level of the 
parietal eminences. Tho sutures on this view of the calvaria display a tri-radiate 
arrangement, one limb of which is vertical, and corresponds t» the posterior part of 
the interparietal or sagittal suture (sutura sagittalis). The other two limbs pass 
outwards an^l downwards in the direction of the mastoid processes, uniting the two 
parietal bones in front with the occipital bone behind ; these constitute the A-shaped 
lambdoid* suture (sutura lambdoidea). The point of confluence of the sagittal'and 
lambdoid sutures is called the lambda. This can generally be felt ii\ the living, 
owing ttt the tendency of the tabular part of the occipital to project slightly 
immediately below this spot. About one inch and a quarter above the lambda the 
two small parietal foramina (foramina parietalia) are seen, through which pass the* 
small emissai^y veins of Santorini, wliich connect the intracranial venous system 
with the superficial V^ein’S of scalp. These small holes lie about of an inch apart 
on either side of the sagittal suture, which here, for the space of about an inch, 
displays a simplicity of outline in striking contrast with its serrated arrangement 
elsewhere. Tl\e term obelion is applied to a point on the sagittal suture in line 
with the two parietal foramina. The lambdoid suture is characterised by great 
irregularity of ©utiine, and not unfrequently chains of separated ossicles, are met 
with in it, the so-called Wormian bones. The tabular part of the occipital bone is 
divided into two parts bye the superior curved line (linea nuchte superior), the 
central part*' of which forms the external occipital protuberance (protuberantia 
occipittflis exterior). The jiart above, called the occipital surface (planum ocqipitale), 
comes within our present consideration ; the part below, the nuchal surface (plannm 
nuchale), though se^n in perspective, had best be considered when the base is 
examined. A little above the level of the superior curved line ‘the occipital surf^ 
is crossed on either side by a faint lunated line, the highest curved line (linea 
nuchm Suprema) to which are attached the occipitales muscles and the epicranial 
aponeurosis. Tlie projection of the occipital surface varies much in individual 
skulls; most frequently it overhangs the external occipital protuberance, forihing a 
distinct boss ; exceptionally, however, the latter may be the most projecting part 
thr bone. Tlie- extremity of the superior curved line on either side corresponds to 
the position of the asterion (p. 149). External ta" these pokits the outlfae of 
skull is determined by the downward projection of; the^mastoid pro^ the inner 
surfaces of which are deeply grooved for the t|»ttachiment of the bellies of 
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the digastric muscles, tfius causing these processes to appear more pointed when 
viewed from this aspect. * • 

Norma Verticalis, 

• 

This is the view of the calvaria as seen from above. It is liable to great 
diversities of form. Thus its shape may vary from an elougfited oval to an outline 
more nearly circular. These difierences have been classilied, and form important 
distinctions from a craniometrical standpoint (p. 173). the rounder varieties being 
termed the brachycephalic, whilst tlie elongated belong to tlie dolichocephalic group. 
Another noteworthy point in this yiew is the fact that in some instances tlie 
zygomatic arches are seen, whilst in others they are concealed by the overhang 
and bulge of .the sides of the fore part of the cranium. The former condition is 
described as phesnozygous, the latter as cryptozygous, and each is move or less closely 
associated with the long^or round varieties of head- form respectively. 

The sutmres displayed have a T-shaped arrangement, naced masially between 
the two parietal bones is the sagittal suture. This is finely denticulated, excei)t in 
the region of the obelion, though, of course, this will not bo apparent if obliteration 
of Uie suture has taken place through fusion of the two parietal bones. Posteriorly 
the sagittal suture unites with the lambdoid suture at the lambda, wliich marks in 
the adult the position of the posterior fontanelle of the IVctus. Anteriorly it 
tenliinp-tes by joining the transverse suture which separates the frontal boiio 
anteriorly from the^parietals behind ; this latter is called the cordnal suture, and tlie 
point exjunction between, the sagittal and coronal suture is known as the bregma, 
which corresponds in position to the anterior fontanelle of the foitus. The summit 
of the vault of the calvaria corresponds to a variable point in the line of the sagittal 
suture, and is named the vertex. The coronal suture is less denticulated centrally than 
laterally. Occasionally there is a persistence of the suture wliich unites ^tlie two 
halves of the frontal bone; under these conditions the line of tlie sagittal suture is 
carried forward to the fronto-nasal suture, and a skull displaying this peculiarity is 
described as metopic. Behind the coronal suture may occasionally fie seen the 
postworollal depression (p. 150), and in some instances the vault of the calvafia forms 
a broad, slightly elevated crest along the line of the sagittal suture. On eitlier 
side, the temporal ridges can be seen curving over the lateral and superior aspects 
of the parietal bones. As the lower of these crosses the coronal suture in front it 
tnarks a spot known as the stephanion, uselnUas affording a fixed point from which 
to estimate the bi-stephanic diameter. The interval between the temporal ridges 
on either side will wy according to the form of the skull and •the devciloprnent of 
the temporal muscle. In this view of the calvaria a small part of the lambdoid 
suture on cither side of the lambda is visible posteriorly. 

Norma Basalis, 

The of the cranium — i.e. the skuU without the mandible — includes a descrip* 

tion of the under surfaces of the skeleton of the facei(cranium visceralo) and the 
cranium (croninm cerebral^). The former includes the hard palate fcftmi^ by the 
saperior«ihasfill» and palate bones, the supAior Mental arch, and the bodio^of 
superior masiltaB as seen from below ; whilst externally, and united with the bodies of 
the supenor maxOle, the maliir bones are displayed, curving backwards to form tbe 
anterior b^ves of thh sygon^ arcliM^^ In themiddjb line, pa8rin^ from the upper ; 
suriace of; the palete, is the 

the riM^» Mkfck ri ,uni<^ alH>ve to the under surface 
spteendii'' 

surface the fimsmen hiaini6n fcT) the : 

trahsinisrioh Of the fpihai c<»ri 
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Fig. 116. — Nouma Basalib. 
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The sphenoid comprises that part of the calTaiia fonns the roof akd sides^ o^^^^^^^ 

the apertures which lie on either side^of th% nasal septtun a'toVe the ;haid^^^ 
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— the ^^oana or posterior nares. Laterally the under surfaces of 8he great 
sphenoidal wings extend as far forward as the posterior border of the spheno- 
maxillary fissu^ ; whilst posteriorly they reach as l‘ar as the alar spine, external to 
which the spneno-squamosal suture, separating the great wing of the sphenoid from 
the squamous portion ot the temporal, curves forwards and •up wards, internal to the 
eminentia articularis, to reach the floor of the temporal fossa, along wliich its course 
has been already^ traced (p. 150). On a level witli tlie /rout of the foramen 
magnum the jugular process of tlie occipital bone forms an irregular curved border, 
which s\feeps outwards to terminate at a point just interiuir to the root of the 
styloid process. Here, in line witli the spheno-sqiuimosal suture, from which, how- 
ever, it is separated by a considerably interval, its extremity turns backwards, and 
may be traced at first internal to, and then turning upwards, behind tlie mastoid 
process ot the temporal bone, separated from this latter by the occipito-iuastoid 
suture. The bone behind the foramen magnum, which is included lK?tweon the 
two occipito-maatoid suWures, comprises the nuchal surface of tlui tabular j>ortion of 
the occipital bone, an area which is limited behind by tlic superior curved line 
which separates it from the occipital suriaco of the same bone. The remaining 
portions of the base of the calvfiria, as at present exposed, are i’oriiicd by the 
syugmous and tsrmpanic portions of the temporal togcitluu* with tJie petro-mastoid 
part of the same bone, the latter of which is wedged iu between the great wing of 
the sphenoid in front and the occipital bone behind. Stretching forwards from the 
squhumus temporal in front is seen the zygomatic process which, by its union with 
the malar, completeft the formation of the zygomatic arch. • 

•Studying next the various parts in detail, the hard palate (i)alatuni durum) may 
be first examined. Of horse-shoe shape a.s a rule, it pi‘csents many varieties of out- 
line and size. Formed by the palatal processes (processus j>a.latini) of the superior 
maxillae in front and the horizontal plates (partes horizon tales) of the palate bones 
behind, its ciroumferqnce in front and at the sides corresponds ' to the^ superior 
alveolar arch, in which are embedded the sixteen t( 3 eth of the upper jaw ; 
posteriorly the edge of the hard palate is thin, ending mesially in a pointed 
process, the posterior nasal spine (spina nasalis ]) 08 terior), on either side of wliich tlie 
posteiior^ free border is sharp and lunated. The vault of the jialate, tvhich is 
concave from side to side, and from before backwards, varii‘.B in dcptli according to 
the projection and development of the alveolar processes. Wlien the teetli ^jire slied 
and the alveoli are absorbed, the palate becomes shallow and flat. Running 
throughout its entire length in the middle line is the middle palatine suture 
(sutura palatina mediana), which separates the palatal processes of# the superior 
maxillae in front and the horizontal plates of the pafute 4)ones behind. A little 
behind the central incisor teeth, and in the line of this suture, is a little pit, the 
anterior palatine canal or fossa (foramen incisivum). At the bottom of this may be 
seen the openings of some small canals, varying in number from on^e to four ; tliese 
are usually described as arranged in two pajrs, the one pair place*! side by side, 
the other lying mesially in front and behinA The former aro^called tbe incisor 
foramina,* or foramina of Stenson, and transmit the terminal twigs of tlie superior 
or descending palatine arteries wliich ascend to reach ^le nasal fossas. The latter, 
called the foramina of Scarpa, open, the anterior into the left, the posterior into the 
right na^al fossa, and afford passage for the fine filaments of the left and ri|g;bt naso- 
palatine nerves respectively. About half an inch (12 mm.) in front of the liosterior 
nasal sjpine the middle palatine suture is crossed at right angles by the traverse 
palatine sntnie (sutara palatina transversa), This, which mdicates the line of 
union of the palatal pr of the superior inaxillse with the horizontal jpjates of 
the palatp transversely Outwaids on eithe side until it reimhes the 

inner aisp^t df^the baSe of the alveolar pi^ss^ along which it turns back 
disappear ^ palatine; palatinum hiajiis)^ a hole 

which ii^ immediately internal W 
the^ the 

paliitii^- 
medi^e)^: to;; 
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groove art lodged the aforementioned vessels and nerves. oThe surface of thfe palate 
in front of the transverse suture is rough, pitted for the palatine glands, and pierced by 
numerous small vascukr foramina ; the part of the palate behind the suture, formed, 
by the under surface of the horizontal plate of the palate bone, is mfech smoother. 
From this there rises, just posterior to the orifice of the posterior palatine canal, a 
tliin sharp crest which curves inwards immediately in front of the posterior free 
edge ; to this are attached some of the tendinous fibres of the tensor palati muscle. 

Pterygoid Processes. — Buttressed against the hinder extremities of the alveolar 
arch are the pterygoid processes of the sphfenoid. If carefully examined, these 
will be seen not to lie in actual contact with the maxilla), but to be separated from 
them by the triangular wedge-shaped tuberosities (proc. pyramidales) of iilie palate 
bones. It is these latter which are pierced by the posterior and external accessory 
palatine canals (foramina palatina minora) which lie just behind the posterior pala- 
tine canal, and through which pass the lesser palatine nerves. As here displayed, 
the pterygoid processes (processus i^terygoidei) of the spheyoid lie on either side of 
the opening of the posterior nares ; each consists of two plates, an internal (lamina 
medialis) and an external (lamina lateralis) ; the latter is the broader, and is 
directed backwards and slightly outwards. Its external surface has been already 
studied in connexion with the zygomatic fossa (p. 152). Internally it is separated 
from the inner pterygoid plate by the pterygoid fossa (fossa pterygoidei), wherein 
is lodged a considerable part of the internal pterygoid muscle. The floor of the 
fossa is formed in greater part by the coalescence of the two pterygoid plates ; but 
at the level of the hard palate the tuberosity of the palate boneb appears wedged in 
between the two plates, and so enters into the formation of the floo^ of ,the 
pterygoid fossa. Tlie internal pterygoid plate separates the nasal from the 
pterygoid fossa ; to the hinder edge of the internal pterygoid plate are attached the 
pharyngeal aponeurosis, the superior constrkitor of the pharynx, and the palato- 
pharyngeus muscle. Above, the posterior border of this ^late is channelled to 
form the small scaphoid fossa (fo;m scaphoidea), whicli curves outwards over the 
summit of the pterygoid fossa, and furnishes a surface for the origin of the tensor palati 
muscle. The sharp inner margin of this fossa, continuous below with the posterior 
border ofi the internal pterygoid plate, extends upwards, and on either side of. the 
body of the sphenoid forms a blunt pointed process, the pterygoid tubercle, which 
extends backwards towards tlie apex of the petrous part of the temporal bone. 
Just external to this, and concealed by it, is the hinder extremity of the Vidian 
canal (caualis Vidianis), tlirough whicji pass tlie Vidian vessels and nerve. The 
inner surface^pf the internal pterygoid plate is directed towards the nasal fossje. 
Superiorly this surfoco ojurves inwards to meet the under surfacg of the body of the 
sphenoid, forming on either side a lipped edge, the vaginal process (processus vaginalis), 
between which tlie ala; of the vomer, which hero forms the nasal septum, are 
wedged. Between the two a small interval, however, is oc;pasionally left, which forms 
on either side ' the basi-pbaryngeal canal. A little external to the line of union of 
the vaginal process with the vomer is the opening of the pterygo-palatine canal 
(canalis pliaryiigeiis). This lies bet\%pen the under surface of the vagin&l process 
and the sphenoidal process of the palate bone, which here articulates with the 
inferior surface of the body of the sphenoid. The pharyngeal branch pf the 
spheuo-pdati lie ganglion and the pterygo-palatine artery pass through this canal. 
Inferiorly the pterygoid processes project below the level of the hard palate, The 
inner plate ends in a slender recurved process, called the bamular process (hamulus 
pterygoideus), which v^urns backwards and outwards ; this is frefluently broken off in 
skulls which have been roughly handled. It reaches as low as the level of the 
alveolar margin, and lies just within and behind the posterior extremity of tho 
alveolar process. It can readily be felt in the living by placing the finger a^nst 
the soft palate behind and just within the gum around the root 6f the wisdom 
tooth. On the front of and below this process the tendon of the tensor palbti 
muscle glides in a groove. o 

* The "posterior nares (choana)) lie within flfcnd jbetween? the pterygoidepipc^^ 
Of a shape much resembling two Gfothic wmdows,, |heir ha8eB*or inferior bpund^ 
are formed *by the horizontal plates of the pal^ bone. 



boundcA by the inner surfaces of the internal pterygoid plates, whilst ibove, the 
outer side of the arch is formed by the vaginal processes of the same plate ; intern- 
ally they are separated by the thin vertical posterior border of the vomer, wliilst 
above the evefted alee of the same bone form the inner sides of the arch. The 
plane of these apertures is not vertical but oblique, corresponding usually to a 
line drawn from the bregma above through the last molar tooth of the upper 
jaw below. Their size varies considerably, but the height is usually equal to twice 
the width. * 

The «egion of the cranium whitih lies external to the superior maxilla and 
. external pterygoid plate corresponds to the zygomatic fossa, which has been already 
described ijs seen/rom the side (norma lateralis, p. 152). Viewed ilroni below, tlio 
zygomatic fossa is bounded in front by the posterior surface of the boily of the 
Superior maxilla and the internal surface of the malar bone. The roof, which is 
traversed by the spheno-squamosal suture, is formed in front by the under surface 
of the great wing of thq sphenoid, and behind by a siiiall triangular surJVicc of tlie 
under side qf the squamous part of the temporal bone immediately in front of the 
emiiientia articularis. 

Circumscribed externally and behind by the anterior root of the zygoma, which 
curves forward to become continuous in front with the inira-temporal crest crossing 
the externdl surface of the great wing of the sphenpid, the roof of the fossa is 
separated from its anterior wall by the spheno-maxillary fissure, whicli is so inclined 
that with its fellow of the opposite side it forms an angle of 90''. Superiorly tlie 
zygomatic fossa communicates freely with' the temporal fossa* beneath tlic zygo- 
maj^ic arch, though the student must bear in mind the fact that when the inferior 
maxilla is in position the external limits of the space are very much reduced 
(p. 163). 

The under surface of the great wing of the sphenoid is here V-shaped. The 
angle corresponds to the spine, the outer limb to tlie splieno-squamosa^ suture, 
whilst the inner liinfi corresponds to a narrow cleft, the fissura spheno-petrosa, 
wliieh separates it from tlie petrous portion of the temporal bone to wliich it is 
united in the recent condition by a synchondrosis. Along the lino of this latter 
fissujp the edges of the adjacent bones (sphenoid and petrous temp<»*al) are 
bevelled so as to form a groove, which extends from the root of the inner jitcrygoid 
plate internally to the inner side of the base of the alar spine externally, where 
the groove ends by entering an osseous canal. In the groove (sulcus tulxe aiiditivie) 
is lodged the cartilaginous part of the Eustachian tube, wliilst the osseous canal 
includes the bony part of the same tube, together with the tensor tympani muscle, 
which is lodged in separate compartment immediately «pbo\*e it. The anterior 
extremity of the cartilaginous part of the Eustachian tube is supported by the 
posterior edge of the internal pterygoid plate, which is often notched for its recep- 
tiou. Between the root of the external pterygoid plate and .J>he Mar spine there 
are two foramina, wliich lie immediately in front of the sulcus thlwe auditivso. 
Of these, the larger and anterior is the foramen ovale, througji vf Inch, pass the 
motor root and inferior maxillary division of tlie fiftli nerve, together with the 
small meningeal artery. The smaller, which from its position immediately in 
front of the alar spine is called the foramen spinosum, transmits the middle menin- 
geal arlory and sympathetic plexus surrounding, that vessel. The lesser superficial 
petrowl^herve here p^ses through the base of the skull to joiu the otic gtftiglion 
either ttoimh a sm foramen (canalis innominatus) placed between the foramen 
ovale and ^ or through the foramen oVale through^ t^^^ 

8pheno-;petrosai Assure. The position of the suture between the basioccipital m 
basisphenoid comspou^ to a^iihe ebuh#^^ the tips of the pterygoid tubercl^^^a^ 
theriDol^df thein^ 

6 of line them a foramen leading from ii 

prbm^ canal; 
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(tuberculum pharyngeum), to which th^ pharyngeal aponeurosis, together with the 
central i)art of the anterior occipito-atlantal ligament, is attached. It should be 
noted, that when the atlas is in position the pharyngeal tubercle lies in line with 
the tubercle on the anterior arch of that bone. Curving outwards Shd backwards 
from the pharyngeal tubbrcle, on either side, is an irregular ridge (crista muscularis), 
in front and beliind which are attached the rectus capitis anticus major and minor 
muscles. On eitlier side of the basioccipital, in front, there is an irregular opening 
of variable size ; this is placed between the root of the pterygoid process anteriorly, 
the apex of the petrous portion of the temporal bone externally, and frhe outer 
edge of the basioccipital and basisphenoid internally. It is called the foramen 
lacerum medium. Opening into it in front, ju^t external to the pterygoid tubercle, 
is tlie Vidian canal, whilst in corresj)ondence with the apex of the petrous temporal 
the large orifice of the carotid canal may be seen entering it behind and from the 
outer side. In the recent condition the lower part of the foramen lacerum is 
occupied by fibro-cartilage, over the upper surface of which the internal carotid 
artery and great superficial petrosal nerve pass to reach their respectivAd foramina, 
whilst a small meningeal branch of the ascending pharyngeal occasionally enters 
the cranium tlirough it. Leading outwards from the foramen lacerum in the 
direction of the alar spine of the sphenoid is the spheno-petrosal fissure, which lies 
at the bottom of the sulcus tub® auditiv®, and disappears from view within the 
bony Eustachian canal. Passing backwards from the foramen lacerum there is a 
fissure between the outer side of the basioccipital and the posterior and in’ner 
border of the petrdlis part of the temporal bone. This, which is called the petro- 
occipital fissure (fissura potro-occiiutalis) opens posteriorly into the jugular foramen. 
In the recent condition the fissure is filled up with cartilage. The under surface 
of tile petrous bone included between these two fissures is rough and irregular, and 
affords attachments near its apex to two small muscles, the levator palati and the 
tensor tympaui. Immediately behind the alar spine the petrous temporal ^s 
pierced by a circular hole, the inferior opening of the carotid canal (canalis caroticus). 
This passes upwards, and then turns inwards and forwards towards the apex of the 
bone, where it may again be seen opening into the outer and upper side of the 
foramen lacerum. Externally the wall of the vertical part of this canal ft uwually 
very thin, and separates it from the cavity of the tympanum, as may be seen by 
Imlding .?iic skull up to the liglit and looking into the external auditory meatus 
(p. IIG). The carotid canal transmits the internal carotid artery, together with 
the sympathetic plexus around it. It is noteworthy that the two carotid canals 
lie in line wkh the anterior edges of the two external auditory meatuses. 

The jugular forameil'is an opening of irregular shape and size placed between 
the petrous temporal in front and the jugular process of the occipital bone 
behind. Tlie former is excavated into a hollow called the jugular fossa, which forms 
a roof to tlic upper f*iid outer part of the space, whilst l^ie latter, by a curved edge, 
eith(U' rounded" or sharp, constitutes its posterior border. There is often considerable 
dilferencein the size of the jugular foramina; that on the right side (with the skull 
in its normal position) is usually the larger. The foramen is occasionally sub- 
divided into two by spicules of boue which bridge across it. Lodged within the 
fossa is th,e sinus of the internal jugular vein, in front of which the inferior petrosal 
sinus i^asses down to join tlie internal jugular vein below the foramen.^ Effect- 
ing an exit between the two veins, in order from before backwards, are the glosso- 
pharyngeal, pneumogastric, and spinal accessory nerves. Small meningeal branches 
from the ascending pharyngeal and occipital arteries also enter the foramen. The 
two jugular foramina lie in line with a line drawn through the centres of the two 
external auditory meatuses. Following the direction of a line connecting the alar 
spine of the sphenoid and the mastoid process of the temporal, and placed immedi- 
ately external to the apertures of the carotid canal and jugular foramen, is th^ 
vaginal process of the tympanic plate of the temporal bone, the edge of which is 
shrrp aj;id thin, and serves to separa-te the unejer surface of the petrous temporal; 
from the nou-articular part of the glenoid fossa. ^ Springing from tKis^oi^t im^^^ 
mediately external to the jugular fossa, and in line with the niiddle of the 
auditory meatus, is the styloid process (processus styloideum) of the teihporal 



(p. 11^. Its ^ktioQ tq, the jugular foramep is of great important, as trfe internal 
jugular yeiii lies immediately to its inner side. t 

Immediately behind the root of the styloid process, internal to and in line*with 
the front of ^he mastoid process, is the stylo -mastoid foramen (foremen stylo- 
mastoideuin), the lower aperture of the aqiunductus .Fallopii through whicli tlie facial 
nerve passes out and the stylo-mastoid branch of the posterior auricular artery 
passes in. The inner surface of the mastoid process is dem>ly grooveil at its huso 
for the origin of Che posterior belly of the digastric muscle.*^ Internal to this, and 
ranning#along just wide of the occipito-mastoid suture, is a shallow groove in which 
the occipital artery is lodged. Immediately internal to. the stylo-mastoid ibrainen 
is the s}yichon(lrosis between the^ extremity of the jugular process (piwessuH 
jugularis) of the occipital bone and the petrous temporal. The former is a bar of 
bone which limits the jugular fossa posteriorly and al)uts on tlie occipital condyles 
internally ; its^under surface is convex from before backwards and affords attachment 
to the rectus lateralis, muscle. The occipital condyles (coiulyli occipitales) are 
placed betMftsen the jugular processes and the foramen magnum. Ending in front 
by a rounded thickening winch becomes conlluent with the anterior boi-der of tlie 
foramen magnum, they form by their inner sides tlie lateral boundaries ol‘ that 
aperture on its anterior half. Externally they arc confluent with the jugular 
processes, in front of which they overhang a fossa wl^ich is pierced behind by tlie 
anterior condylic foramen (canalis liypoglossi), through which passes the hypoglossal 
nerve^ together with a small vein and occasionally a small meningeal branch 
derived from the ascending pharyngeal artery. • 

^ The^poaterior condylic fosse are situated just beliind tlio posterior extremities of 
the condyles. Not unfrequently their floor is pierced by the posterior condylic 
foramen (canalis condyloideus), through which the posterior condylic vein ejnerges. 
The base of the skull behind the jugular processes and condyles of the occipital 
lg)ne is formed by th^ nuchal surface (planum nuchale) of the tabular plate of that 
bone. Posteriorly this surface is bounded by the superior curved line, in ttio centre 
of which is placed the projecting external occipital protuberance. Laterally the 
tabular plate is separated from the mastoid portion of the tempoml l3one by the 
occiijito^nastoid suture, which curves backwards and outwards from tlie extremity 
of the jugular process in front around tlie base of the mastoid process behind. In 
front and in the middle line this plate of bone is pierced by the foramen magnum/ 
the anterior half of which has been already seen to lie between the* occipital 
•condyles. Usually of oval form, though in* some cases it tends to approach the 
circular, the plane of this opening is inclined downwards and sligjitly forwards. 
The extreme anterior edge of the foramen is sometimes calkd 4ihe basion, whilst the 
extreme posterior margin is termed the opisthion. The lower border of the medulla 
oblongata, where it becomes continuous with the spinal cord, is lodged within the 
foramen, together with th^ meninges which cover it, whilst the tertebral arteries 
and the spiiial portions of the spinal accessory nerves pass upwards through it. 
The anterior and posterior spinal arteries, some small veins, ai^d Jive rqpts of the. 
first cervical nerves, also traverse it from abqve downwards. 


The Btudent Avill no doribt experience coneiderahle difliculty.irt bearing in inxnd the relative 
positiops of the yariotis foramina and processes which he has studiwi on the under surface of the 
base of the skull. • ^ ^ ^ ^ 

If a line be dravm bn either side from the anterior palatine canal in fronfe through the stylo- 
inastpid; foramma be found to cut or pern near to the foliowing objects 

the hard palate it wiU Ke close fo the posterior and oexjoasory palatine will then pja^ 

between tne hftoiulai and tho extonial ptoiy^id plato^ the* foramen pyale; the 

foriimen BTdnosumv tlm opening pf th^ osseous Ei^tochian canal ana the ^ of the sphenoid! 
behind tius„ it \wiU cut throxi^^^ the root of the styloid, process and dehne extornally th^ 
the jixgiW^^^ f^^ stylpr^nastoid foramen, if 

backwafdfij it will ttsUaUy be fouiid to/poj^;.^ 
sutxin^ Aimther line pf - m 
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The line iii.licatee the direction of the caroti^ canal, and cuts the foramen laceriihi C^iedium 
anteriorly ; in front of this it usually corresponds to the position of flie posterior ai.)erture of the 
X)terygo-palatine canal. 

The examination of the base of the skull is incomplete unless the student examines 
it with the lower jaw and atlas vertebra in position. The relation of the ramus of 
the lower jaw to the zygomatic fossa has been already sufficiently studied (p. 153) ; 
one or two points, however, may be emphasised. The alar spine of the sphenoid 
lies just internal to the^'condyle of the jaw when that structure is in position in the 
articular part of the glenoid fossa, and it is noteworthy that immediately to the 
inner side of the alar spine is the commencement of the osseous Eustachian tube. 
The root of the styloid process occupies the centre of the interyal between the 
mandibular ramus and the front of the mastoid process. 

Anteriorly the arcade formed by the body of the lower jaw adds greatly to the 
depth of the hard palate. In this space are lodged the tongue and the structures 
which form the floor of the mouth. The inner surface of et^ch side of tlie body of 
the mandible is traversed by the internal oblique line (linea mylo-hyoijiea), which 
commences posteriorly just behind the ropt of the last molar tooth and runs down^ 
wards and forwards towards the symphysis in front. 

When the atlas vertebra is in articulation with the occipital bone it is well to 
recognise the relation of its transverse processes to the surrounding structures, l^he 
extremities of these processes ‘lie in line with the ends of the jugular processes of 
the occipital bone, and thus come to be placed just internal to and immediately below 
and slightly in front of the tips of the mastoid processes. They ca^i thus be easily felt 
in the living. Anteriorly they are separated by a short interval from the styloid 
processes, and the stylo-mastoid foramina lie immediately in front and sliglitly^to 
the outer side of their extremities. The student will note that there is no hole in 
the jugular process of the occipital bone corresponding to the arterial foramen in the 
transverse process of the atlas through which tlie vertebral artery passes. Thp 
course of^ this vessel over the upper surface of the posterior arch behind the 
superior articular processes of the atlas will be seen to coincide with the posterior 
Qondylic fossie and the margins of the foramen magnum immediately internal 
thereto, where a slight grooving of the edge often indicates the course of the artqry. 

' In front, the anterior tubercle of the atlas falls in line with the pharyngeal tubercle 
oi; the under surface of the basioccipital, and the student must not overlook the 
fact that Hhe anterior surface of the cervical column does not coincide with the 
anterior margin of the foramen magnum, but lies nearly half an inch in front of 
that, in a cor^jnal plane passing immediately in front of the external auditory 
meatus. Behind, thq upper surface of the posterior arch of the atlas overlaps the 
hinder margin of the foramen magnum, and it is by the apposition of these 
two surfaces that extension is chocked at the occipito-atlautal articulation. 

II * 

' ' THE SKULL IN SECTION. 

By the removal of the skull-cap tl^e interior of the cranial cavity is exposed. 
The deep surface of the cranial vault is grooved mesially for the superior longitudinal 
sinus, on either side of wliicli are seen numerous depressions for the lodgment of 
Pacchionian bodies. On holding tlie bone up to the light, the floor of these little 
hollows is oftentimes seen to be very thin. A short distance in front bf the 
lambda, and on eitlier side of the sagittal suture, are the internal openings of the 
parietal foramina.^ The inner tables of the frontal and parietal^ bones are grooved 
for the meningeal arteries. The principal branch of the middle meningeal runs more 
or less parallel to and at a variable distance behind the line of the coronal suture. 
Along the bottom of these grooves small, foramina may be seen for the passage of 
nutrient arteries to the bone, and the floor of the longitudinal sinus is like»vviso 
pierced by small apertures for the transmission of veins. 

The Upp^r Surface of the Base of the Skull. 

Cranial Toss«.— The upper surface of the bise of the ; skull is divided into^ 
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1. Frontal bone. 

2. Slit for nasal nerve. • 

3. Anterior ethmoidal foramen. 

4. Posterior ethmoidal foramen. 

5. Optic foramen. 

6. Foramen for intenml carotid artery formed by 

anterior and middle clinoid processes. 

7. Lesser wlng^of sphenoid. 

8. Ant^ior clinoid process, in this case united on 

its inner side to the middle clinoid process. 

9. PosteAor cliiioid process. 

10. Foramen ovale. 

11. Groove for middle meningeal a^ry. 

12. Foramen spihoimm, ♦ • 

13. Hiatus FaUopii^ 

14. Line of pOtTO^squainoBal siitttre. 

15. Internal audUory nieatu^ 

18. Groove f<nr superior petro^ 

17. GiH^ve fw sigmoid pwrt of Jatej^^nus, 

18. dugular foratuoiL' - . . ■ . 

19. Anterior oondylic fcramen. 

20. • (Snppovejfo^latierid; 'if 

22. Ridgfi 

23, Fossa;; tor; 

■ 
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24. Kidgti for the attachment oi the falx cerebelli. 

25. Fossa for the lodgment of^the left cerebellar 
hemisphere. 

26. Foramen magnum. ^ ^ 

27. Groove for the sigmoid sinus turning into the 
• jugular foramen. 

28. Groove for the inferior petrosal siiuis running 
along th/ Uiie of suture between the petrous 
ternitoral and the bosioficipitfll. V 

29. pgpression for the Gasserian ganglion. • 

30. Middle cranial fossa for lodgment of temporal 
lobe of cerebrum. 

31. Foramen lacerum medium. 

82. CWotid groove. * 

33. Dorsum sell® of sphenoid. 

84. Xieods into forameti rotunduim 

,.35... Pituitary fossa.. : 

Olivary eminence of sphenoid. 

■ dTr Ai^Hor cranial fossa of frontal Ibbas ^ 

if cerelwninL^ V''- ■ 

38, dj^ritom: plate of ethmoid* 

' 39. ' 6^ista gain of ethiuold. 
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three fossab, of which the oerebram occupies the anterior and middle, whilsfi in the 
posterior is lodged the cerebellum. 

'file anterior fossa is defined posteriorly by the sharp thin edge of the lesser 
wings of the sphenoid, which curve outwards and slightly upwards arf^well as back- 
wards to reach the region^of the pterion externally. The floor is formed from before 
backwards, in the middle line, by the upper surface of the ethmoid and the fore 
part of the body of the sphenoid ; laterally it is constituted by the orbital plates 
of the frontal and tiie lesser wings of the sphenoid. On ‘these the under 
surface of the IVontal lobes of the cerebrum Zests. In front the fossa is divided 
mesially by the frontal crest, to which the falx cerebri is attached. This is con- 
fluent below with tlie fore part of the crista galli, from which, howpver, it is 
separated by the foramen caecum, which usually transmits a small vein from the 
nose. On cither side of the crista galli there are grooves which vary considerably 
in depth and width : therein are lodged the olfactory lobes. Tlie floor and sides of 
the groove are pierced by numerous foramina; of these thclfargest number transmit 
the olfactory nerves to the nasal fossic. In front an elongated slit- placed on 
either side of the crista, affords a passiige to the nose for the internal nasal nerve 
and a small branch of the anterior ethmoidal artery which accompanies it. To 
the outer side of the olfactory groove and the cribriform plate, the antepor 
fossoB communicate on cithci\ side by means of the two ethmoidal foramina with 
the cavities of the orbits. The anterior foramen transmits the internal nasal 
nerve and the anterior ethmoidal artery ; the posterior affords passage tp the 
posterior etlimoidal artery and the small spheno - ethmoidal tierve of Luschka. 
External to the olfacitory groove, the floor of the fossa, which here cor^spopds 
to the roof of the orbit, is very tliin, as may be scon by holding the skull up to 
the light; it is convex from side to side, and bears the impress of the con- 
volutions of the under surface of the Irontal lobes of the cerebrum which rest 
ufjon it. ^ In front and at the side there are a number of^ vascular grooves for 
the branches of the anterior and middle meningeal arteries respectively. 

Tlie middle fossa, which in form may be compared to the wings of a bird 
united by the body, is bounded in front by the curved thin posterior edge of the 
lesser wir.:gs of the sphenoid ; posterioily, by the line of attachment of the tentorium 
cerobelli, extendi ug from tlie posterior clinoid process along the superior border of 
the petrous portion of the temporal bone. The median part of the fossa, which is 
narrow, corresponds to the sella turcica and the olivary eminence of the sphenoid. 
It is limited anteriorly by a line connecting the anterior mai’gins of the two optic ^ 
foi’amiiia, amh is overhung behind by the dorsum sellsB. In this area are lodged 
the structures whichilic'Avithin the interpeduncular space on th^. base of the brain. 
The floor of the lateral parts of the fossa on each side is formed by the great wing 
of the sphenoid in front, the squamous part of the temporal bone to the outer side, 
and the su])erior‘sur(pce of the petrous temporal behind. , In the hollows so formed 
the tompo3*al lobes of the cerebrum are lodged. On either side of the olivary 
eminence ,are spciv the optic foramina ; these pass into the orbital cavities and 
transmit the optic nerves and ophthjilmic arteries. Immediately behidd these 
openings the anterior and middle clinoid processes are sometimes united, so as to 
enclose a foivimen. Through this the internal carotid artery passes upjvards. 
Loading, liickwards from this, along^ the side of the body of the sphenoid, is the 
carotid feroove, which turns downwards near the apex of the petrous tempWal, to 
become continuous with the carotid canal, which here opens on the posterior wall 
of an irregular aportifre, placed between the side of tl^e body of the sphenoid and 
the summit of the petrous temj)oral, called the foramen lacerum medium. Through 
tlie inner angle of this opening the carotid artery accompanied' by its plexus of 
veins and sympathetic nerves passes upwards. Eunning through the fibrous tissue, 
which in life blocks up this opening, tlie large superficial petrosal nerve odmihg 
from the liiatus Fallopii passes downwards and forwards to reach the post^or 
ori^ce of the Vidian canal, which is placed on the anterior and inferior border of. 
the foramen lacerum medium. A small men^^geal brarysli of the 
pharyngeal ^artery al^ passes upwards through this foramen. In front and to the 
outer side of the foramen. lacerum, and separated from it by a harrow bar of bone. 
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is the foramen ovale ; through this pass both roots of the inferior maxillary nerve, 
the small meningeal artery^ and some emissary veins. A little exteriiaf and 
posterior to ^his is the foramen spinosnm for the transmission of tlie middle 
meningeal vessels, together with a recurrent Inuiich IVovu the inferior maxillary 
nerve. Leading Iroin the external extremity of the foramen liicerum there is a 
groove which passes outwards, backwards, and slightly upwards on the superior 
surface of the petrous temporal to end iti tlie hiatus Pallopil (a cleft opening into 
the aqus^uctus Fallopii), wliich give#passage to tlie large suporlicial petrosal branch 
from the geniculate ganglion on the seventh nerve, together wit h the small petrosal 
branch of the rniddle meningeal artery. Just external to tlie hiatus Fallopii 
there is Another small foramen lor the transmission of the lesser sujieriicial 
petrosal nerve. Overhung by the posterior border of the lesser wing of the sjdienoid 
is the sphenoidal fissure, the cleft which scpai-ates the lesser from the great 
sphenoidal wings, and whicli opens anteriorly into tlie hollow of tlie orbit; through 
this pass the third, fourth, ophthalmic division of the lifth, and sixth nerves, 
together with the ophthulmic veins as well as tlie sympathetic Jihiment to the 
lenticular ganglion. J ust below its inner extremity is the foramen rotundum for 
the passage of the superior maxillary nerve to the spheno-maxillaiy fossa., llehind 
this, and between it and the foramen ovale, the foramen Vesalii may oci*asioiially 
be seen, through which a vein passas to reach the pterygoid plexus. 

.The lateral parts of the middle fossa are moulded in (sonfonnity with tlio 
convoRitions of thejbemporal lobes, but towards their inner skkis the splitting of 
the dura mater in the region of the cavernous sinus servos to separate the cranial 
has’^ froth the under surface of the cerebrum. As may be seen by transmitt ed light, 
the floor of the lateral parts of the fossa is thin as it oveidies the temporal, 
zygomatic, and glenoid fossae. Tlie grooves for the lodgment of the liranclies of the 
iiuddle meningeal artery leading from the foramen spiuosum are readily seen ; one, 
coursing backwards a* little below the line of tlie squamoso-parietal fHiture, is 
specially well marked. Amongst other features may be noticed the diqiression for 
the lodgment of the Gasserian ganglion overlying the summit of l^ho petrous 
temporal behind and to the outer side of the hiatus Fallopii, tluik arcuate 
eminence, indicating the position of the superior semicirculux canal ; and immediately 
anterior and slightly to the outer side of this the tegmen tympani, whicli roofs ijii 
the cavity of the tymjianum, the tliiniieas of whicli can readily be deindnstratcd 
if b'ght be allowed to fall through the externg-l auditory meatus. 

The posterior fossa is larger and deeper than the others. In fronj; it is limited 
by a line on either side leading backwards and outwards frum each posterior clinoid 
process along the superior border of the petrous part of the temporal lione, whore 
externally and posteriorly it becomes confluent with the superior Up of tlio 
transverse groove for the Jateral sinus, ending posteriorly in^thei middle line at 
the internal occipital^ protuberance. Along the line thus indicated •the process of 
dura mater called the ^ cerebelU, which roofs in the jionterior^ fossa, is 

attached.* The floor df the fossa, in whicji the cerebellar lobes, the pons, and 
medulla are lodged, is formed by the petrous and mastoid portions of the temporal 
bone, with part of ; the body of the sphenoid and the ba^filar portion of the occipital 
bone wedged in between them. Above the maqtoitl temporal a small pArt^ of the 
posterioi* inferior angle of the parietal enters into the constitution of thfl outer 
wall of the fossa, Bohintd tod wit^^ the lateral parts and lower portions of 

the squamous pccijpit^l complete the floor. In the middle line •the ^loor of the fossa 
is pierced by the fotw lies the lower part of the tu^uUa, 

together with its naembranesy and through which^^vp^ upwards the 
arteries and the spinai accessory nerve^ Qn either side of the foraiheu maghuiu, 
and a a centre,: is tho 

of the totetinyl cbadyUc formto 
menini^I ^ hrnne^ 

■ Oveidianfi^g^the:^^^^ 

^ roundei 
the- 
the 
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runs across it; the posterior and externar rounded part of the foramen is occupied 
by the lateral sinus, which here joins the internal jugular vein. A meningeal 
branch from the ascending pharyngeal or occipital artery also enlSCrg the skull 
through this compartment. The fore and internal part of the foramen is confluent 
with the groove for the inferior petrosal sinus, which turns downwards in front of 
the spicule above referred to. The interval between the portions of the foramen 
occupied by the two 'veins allows of the transmission of the glosso-pharyngeal, 
vagus, and spinal accessory nerves in oi'der froih before backwards. About quarter 
of an inch above and to the outer side of the fore part of the foramen jugulare the 
I)osterior surface of the petrous portion of the temporal bone is pierced by the 
internal auditory meatus, through which the Ikcial and auditory nerves, together 
with the pars intermedia of Wrisberg, and the auditory branch of the basilar artery 
leave the cranial cavity. Beliind the jugular foramen and close to the margin of 
the foramen magnum the opening of the posterior condyli;^ foramen, when present, 
may be seen. This gives pjissage to a vein whi(jli joins the ve:j;tebral vein 
inferiorly. The internal aperture oi the mastoid foramen is noticed opening into 
the groove for the lateral sinus, a little below the level of the superior border of the 
petrous temporal. Tlirougli it passes an emissary vein wliicli joins tlie occijutal 
vein externally; the mastoic], branch of the occipital artery also enters the cranial 
cavity througli this foramen. 

The posterior fossa is divided into two halves posteriorly by the internal occipital 
crest, to which tlietfalx ccrebelli is attached, the floors of the I19II0WS on either side 
of which arc often exceedingly thin and arc for the lodgment of the lateral lobes of 
the cerebellum. Tlic grooves for the follomng blood sinuses are usually distinct — 
the superior petrosal running along the superior border of the petrous temporal; 
the inferior petrosal lying along tlie line of suture between the petrous temporal 
and basilar process of tlie occipits.1 bone ; the occipital sinus grooving the internal 
occipital%rest ; and the lateral sinus curving iVir wards and outwards from the 
internal occipital protuberance, across the internal surface of the squamous 
occipital, to*rcacli tlie posterior inferior angle of tl)e parietal hone, in front of which 
it turns downwards and inwards to reach tlie jugular foramen, describing sigijioid 
curve, and grooving deeply the inner siirfacje of the mastoid and posterior aspect of 
the petrous portions of the temporal bone. Before it terminates at the jugular 
foramen it again reaches the occipital bone and channels the upper surface of the 
jugular procjess of that bone. Slight .grooves for meningeal arteries are also seen — < 
some pass upwards, whilst others turn downwards and are occupied by branches 
from tlie posterior oHsets of the middle meningeal arteries. 

Mesiau Sagittal Section of. the Skull. 

Such a section stiould he made a little to one or other side of the mesial plane, 
so as to jiass t\iro}igh the nasal fossae lateral to the septum ; one half will then 
display tlie imsal septum in positioi\, whilst in tlie other the outer wall of the 
nasal fossa of tliat side will be exposed. 

The forn\ of the cranial havity is of course subject to many variations dependent 
on indi.yUlual and racial peculiaritips. The Ibllowing details are, however, worthy 
of notd The hinder border of the foramen magnum (opisthion), and consequently 
the floor of the posterior cranial fossa occupies the same horizontal plane as the 
liard palate. 'J]he iisnterior border of the foramen magnum^ (basion) lies a little 
higher, so that the plane of the foramen is, in the higher races at least, oblique, and 
is dii>icted downwards and slightly forwards. From the basion, a line passing 
ujiwards and iorwards to reach the suture between the ftrphenoid and ethinoid 
passes through the basicranial axis foi*med by the basiocoipital, the basispbenoid, 
and the presphenoid. The basicranial axis is wedge-shaped on section posteriorly,- 
whilst anteriorly it is of considerable width, and has within it the large spheroidal 
air siiius. Its upper surface leads upwards anVl forwards with a varying deg^ of 
oblicputy from the basion to the overhanging edge of the dorsum sell®, in 
wliich the* pituitary fossa, the floor of which is quite thin; is weU seon in 
section. 
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FrAa the olivary eipitieiice the floor of thet: anterior fossa follows a i^ore or loss 
horizontal^ direction, corresponding pretty closely to the level of the axis of the orbital 
cavity. The roof of the orbit is seen to bulge upwards to a consid(?mble extent into the 
floor of the ai^terior fossa j whilst the floor of the middle fossa sinks to a level corresponding 



Fig. 118. — INNKH Aspect of LEfT Half of Skull saoittally dividki). 


1. Suture between parietal and temporal bones. 

2. Beniuins of the Hubarenate fossa. 

3. Grooves lor branches of the middle itieiiingeal 

artery. 

4. Dorsum sellse. , 

5. Pituitary fossa. 

6. Anterior clinoid fossa. 

7. Optic foramen. 

8. Sphenoidal sinus. • 

9. Nasal surface of superior turbinated bone. 

10. Cribriform plate of ethmoid. 

11. Nasal surface of middle turbinated bone. 

12. Frontal sinus. 

18. Nasal spine of frontal. 

14. Nasal bone. 

15. Nasal process of superior maxilla; 

16. Middle meatus of nose. 

17. Directed towards opening of antiitm. 

18. Nasal suifkcse of inferior turbinated bone. 

19. Inferior meatus of nose. 

20. Anterior iias4 Bplno* e ^ 

21. Anterior palatine oanah 

22. Palatal proiiess of superior maxilla. - 

23. Palatal proc^ of palate bone. 


24. Posterior nasal spine. 

25. Haniular process of internal pterygoid plate. 

2o. External pterygoid plate, 

27. Superior meatus of nose. • 

28. Splieno>palatine*^orsfneii, 

29. Pterygo - spinous ligainutii almost eoiupletely 

ossified to enclose a. foramen. 

30. Styloid process of temporal bone. 

31. Alar spine of sphenoid. * 

32. Mastoid process, • 

33. Basioti (mid-point of anterior, border of foramen 

magnum). » • ♦ 

Internal auditory meatus. 

35. Anterior, condylic foramen. 

36. Leading iuao jugular foramen- 

37. Opiftthion (mid* point of peMierjpr border of 

. •foramen magnum). ^ ^ 

88. Groove for sigmoid sinus. • 

39. Oiiening of mastoid foramoii. 

40. For lateral sinus and attachment of ^ntorhuu 

. /oereb^il. . \ ' 

41. Fossa for l^gment of cerebellar Hemiiii^here. . 

42 . internal bcclpital protuboraiice. 
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to this mle there are many exceptions. > On^looking into the posterior fossa the interior 
condylic and jugular foramina and the internal auditory meatus are seen in line, sloping 
from \3el0w upwards. The internal auditory meatus lies in a vertical plane, passing 
through the basjon. 1'he grooves for the middle meningeal «ii*tery and itsi^branehes are 
very obvious. The anterioi; groove curves forwards and outwards, and reaching the inner 
surface of the jjterion, passes towards the vertex at a variable distance behind and more 
or less parallel to the coronal suture. From this, grooves pass forwards across the suture 
to reach the frontal boncj Another groove curves upwards and backwards a little below 
the line of the parieto-squamosal suture. Frovi this, an upwardly-directed branch 
radiates on the inner surface of the parietal bone, in the region of the parietal elninence, 
whilst a hnver branch passes backwards some little distance above the lambdoid suturej 
and gives offsets which curve downwards and inwards over the inner surfjice of the 
squamous portion of the occipital bone. 

Nasal Fossae. — Tn the section through the nasal fossa the structures which form 
its outer %vaLl can now be studied. • These are — the nasal boi\e ; the nasal process of 
the superior maxilla p the lachrymal bone ; the lateral mass of the cthmojd, compris- 
ing the superior and middle turbinated bones ; the vertical plate of the palate bone ; 
the inferior turbinated bone ; and the mesial surface of the internal pterygoid plate. 
The roof as seen in the section is formed by the nasal and fx'ontal bones, the cribri- 
form plate of tlie ethmoid, thf body of the sphenoid and the sphenoidal turbinals, 
the sphenoidal process of the palate and the ala of the vomer. The flooVy which is 
nearly horizontal from before backwards, is formed by the palatal processes of the 
superior maxilla and palate bones. On sagittal section the ^asal fossa appears 
somewhat triangular in shape with the angles cut off; the base corresponds to the 
floor; the anterior and posterior nares to the truncated anterior and posterior 
angles respectively ; the superior angle is cut off by the cribriform plate ; whilst the 
sides correspond to the frontal and nasal bones anteriorly, ami the sphenoidal 
turbinals, sphenoidal process of the jialate, and the ala of the vomer posteriorly. 
Tlie cavity is therefore deep towards its middle, but gradually* becomes shallower in 
front and behind where the openings of the nares are situated. The opening of 
the anterior !aaris, which is of half-heart shape, is larger than that of tlie posterior 
naris, and is directed forwards and downwards; the opening of the posterior is 
‘ of rhomboidal form, and slopes backwards and downwards. Tlie inferior meatus is 
the channel which is overhung by the inferior turbinated bone, and its floor is 
formed liy tlie side-to-side concavity of the upper surface of the hard palate. 
Opening into it above, under cover of Jibe fore part of the inferior turbinated bone,* 
is the canal ib,r the nasal duct ; wliilst its floor is pierced in front near the middle 
line by the anterior palatine canal. The middle meatus is the hollow between the 
middle and inferior turbinated bones ; it slopes from above downwards and back- 
wards, and is overhung by the free curved edge of the middle turbinal, beneath 
which there is a ‘passage called the infundibulum, leading upwards and forwards to 
open superiorly into Ihe frontal sinus, as w^ell as into some of the anterior ethmoidal 
cells. Under coy ei;.()f the centre of the middle turbinated bone there is an irregular 
opening leading into the maxillary pinus or antrum of Highmore, and there 
are frequently independent openings for the middle and some of the anterior 
ethmoidal cells. The superibr meatus, about half the length of the middle meatus, 
is placecj between the superior and jniddle turbinated bones in the back and ‘upper 
part of’ the fossa; it receives the openings of the posterior ethmoidal cells.*' Near 
its posterior extremity the spheno-palatine foramen pierces its outer wall, and brings 
it in relation witli the spheno-niaxillary fossa. The sphenoida\ sinus opens on the 
roof of the nose, above tlie level of the superior turbinated bone, into a depression 
called UiG spheno-ethmoidal recess. 

Nasal Septum. — If the opyiosite half of the section in which the osseous nasal 
septum is retained be now studied, it will be seen to be«formed by the crests 0/ the 
superior maxillary and palate bones below, on which rests the vomer, the posteriot 
border of which being freei forms « the posterior edge of the nasal septum, ^y Inch 
sloyles obliquely up^yards and backwards towaMs the under surface of thp body of 
the sphenoid. Here the- vomer articulates with the rostruiii of the sphenoid. In 
front of tins tlie vonier articulates with the perp^ndicnlar plate of 
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Cristn {^alli of etliinohl 


PorpenAieular tfA 
lilate of 
ethmoiil 


.Nasal spiiio 
of frontal 


41nnoiil I 


(‘nbriforni jtlalt^ of rtlunoi«l 
Z' Splionoidnl sinus 


IMtuilary fossa 
jNk I l>oi‘Siun sellm 
f t)l‘ K])honoiii 


between which anteriorly there is an angular recess into which the cartOaginous 
septum fits. Superiorly and anteriorly the osseous septum is completed by the 
articulation of the perpen- 

with the nasal j)rocess of Frontiti Kiims 

tlie nasal crest formed by rrista^mniofeiinnohi 

the union of the nasal bones; PorpcnAicular (‘nbriforni of ctlunuiti 

most iuatances the osseous 

Air-sinuses in'connex- . 

sp^noid, the lateml mass 

of the ettimoid, the orbital / ^ llnmnlar prancsa 

the body of tL su^rior 7, j, 

uiaxilla, and the superciliary P,„_ us.—nakal skiti’m as sbjsn vhom thk i.Bf* Sidk. 
arcli of tlie frontal bone. 


Aiitorior 

11U8U1 

siiiiio 








IC.Mcniill 

I ■• fW 1^1 HtinmUir pixicuHNi 

Anlotioi’ pulatino foraiiiiui 

Ficj. 119. — Na«al Skitum as sbjsn khom Tin: hv.r§ Sums. 


The sphenoidal sinus, of variable size, occupies the interior of the body of the 
sphenoid. In some cases it extends towards the roots of the pterygtnd lirocesstis. 
In [ront»it is formed in part by tlie absorption of tlic sphenoidal spongy Ubnes, and , 
is divided up into two cavities by a sagiMally-placed partition, whi<jh, liowevur, is 

• frequently displaced to one or other side. It opens anteriorly into tlio roqf of the 
nose in the region of the spheno-ethmoidal recess, 

• The ethmoidal sinuses are placed between the lateral aHjHJCts of tho upper part 
of the nasal fossie, and the cavities of the orbit, from which they are#sciMirated by 
thin and papery wqlls. These air spaces ai’e conqildted by tl»e articulation of tho 
ethmoid with the superior maxilla, lachrymal, frontal sphenoid, and palate bones, 
and are divided into three groups— ^an ahterior, middle, and ixisterior. Tlie latter 
communicates with the superior meatus ; the anterior and midjlle 8peu oitlier inde- 
pendently or in conjunction with the infundibulum into the middle’meatus. 

The sinus in the orbital process of the palate bone either oomitiunioates with 
the sphenoidal sinus, or else assists in closing in some of the posterior ethmoidal 
cells. Its communication with the nasal fossa is through one or other of these spaces. 

The mazillaiy sinus or antnim of EUghmore lies to*the outer ride* of^the naaal 
fosssB, occupying the body of the superior maxUla. Its walls, which are*reilatiyely 
thin, directed' . njpwar^e, fo the orbit, forwards to the face, backwartls* to ' the, 
zygomatic and s^hdnd-maxiliaiy fossa, and inwards to the nose. In the latter 
situiition the yertic^ of .the pa the uncinate pfocesp of the ethmpid,: 

the maxillary proce^ of the inferior turbinated bone, and a small part of the lacli!- 
rymol bone iCssist V fornmtion of the thin osseous partition which se^ratM it 

from the nasM • The floor oories^nds to the alveolar border of the jaw, and 
diffferg frofo in being stbsht aAd^^ l^ it is, however^ doejJiy ^ftted 

inferiorly by tHe alyeoKfor the 

the- midale-;mea!toA '■ '-V- ; ' ^ Z 

- ■ bni^y#hl#;df 
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may be deflected to one or other side. • They communicate with the nose ttirough 
a paspge called the infundibulum, which opens inferiorly into t^e fore part of the 
middle meatus. 

The fact should not bo overlooked that the air spaces within 1;he temporal 
bone, viz. the tympanic cavity and the mastoid air cells, are brought into com* 
municatiou with the naso-pharynx through the Eustachian tubes. Eor further 
details regarding the air-sinuses and the mode of their growth, consult the descrip- 
tion of the individual bones. 


CoEONAL Sections. 

The relations of many parts of the cmmiua sire well displayed in a series'^of coronal 
sections. 

By sawing oft’ a thin slice from the front of the lower pai’t of the frontal bone 
iibove, and carrying the section downwards through the inner wall of the oi’bit and 












Fia. V ^. O , — Part of the Fuontal, Nasal? and Superior Maxillary Bones removed in 0|[DER to 
DISPLAY' Tiiifi Relation of the various Cavities exposed. 


1 . Fi’outal sinus. 

2. Septum of frontal spua dfetlected towards the right. 

3. Iiifandibulum leading from sinus to middle meatus. 

4. Anterior ethmoidal nir siuuse.s. 

6, Middle turbinated bone. 

6. Red line in upper part of osseous caual for nasal 
duct^ laid open tliioughout its entire length oli 
the right side. 


7. Cavity of antrum laid open. 

8. Middle nieatus of uos^. 

9. Inferior nieatus of nose. 

1 0. Inferior turbinated bone. .. 

11. Nasal septum. . • 

12. Canal for nasal dn6t laul open throughout 

entire lei\cth. ^ 

13. Anterior nasal spine. • 


the nasal process of the superior mar i^la, into the anterior nares below, a number of ihi- 
poi^ant ’‘relations aiu revealed (see Fig. 120). \n the frontal region the i^xtent; aiid 
arrangement of the Arontal sinuses are displayed. The partition Bet^veen the tw6 sindse^ 
be it noted, ft usually complete and central in ppsitioii, though it uiay ooq^io^ 



COEONAL SECTIONS Of tHE CEANIUM. 

perforated or oblique, ^^lie sinuses arc hardly ever svmmetriciil, tlio right Iteiug 

usua% the smaller of the two (Logan Turner, Arfm. 1898). » 

The infan^bulum on either side, leading from the frontal sinus above to the middle 
meatiis below, is seen with the 
middle turbinated bone internal 
to it, and the anterior ethmoidal 
cells to its outer side above. If 
the section passes through the 
canal fo» the nasal duct the con- 
tiuuitj of that channel leading 
from the ^ orbit .above to the 
inferior meatus of the nose below 
is clearly shown. Its inner wall 
above, by which it is separated 
from the cavity of the nose, is 
formed by the thin lachrymal 
bone ; belo#, it passes under 
cover of the inferior turbinated 
bone to open into the fore part 
of •the inferior meatus. It is 
separated from the antrum ex- 
ternally by a tliiri lamina of bone. 

Thb cavity of the antrum is seen 
to extend upwards '»nd forwards 
so^is tjj pass over the outer side 
as well as slightly in front of the 
canal for the nasal duct. 

The lower margins of the 
qiiddle turbinated bones lie pretty 
nearly on a level witlf the most 
dependent parts of the ' orbital 
margins, whilst the lower borders 
of thc^ inferior tiirbinals are 
jjlatjed a little above the lower 
margin of the anterior nares on 
a level with the lowest point of 
the rnalo-maxillary suture. 

* Such a section will reveal any 
deflection of the nasal septum 
should it exist, and yill also show 
tliat but a narrow cleft separates 
the upper part of the septum, on 
cither side, from the^ inner surface 
of the superior turbinals. 

The next sjactioni (Fig. 121) 
passes through the fore part of 
the tempoml fossa jiist behind 
the external angular inwess of 
the frental bone above ; inferioriy 
it pas^s tiirough the alveolar 
process of the upper jaw in the 
interval between 
second molar teeth. 
orbital, na^, and 
cavities^are atl^^ e^^^ 
with the 

deep^t li|»\ceh^^j:Where.:i^ 
floor is |h^^^ 



Fid. 121.— CoiioxAL SkctkiN rASBiNO rjKKKiom.y TifHoacH 
iNTKKVAL DKTWKKN FUtST AND fiSCOND MOLAU TeKTH. 


1. Groove for superior ]o)igl- 

tudiua], siuiis. 

2. Orest for attaclinient of faU 

cerebri, * 

3. CriBta galli of etbmoid. ^ 

4. Cribriform plate of etbmoid. 

5. Perpeiidicwlar obite of eth- 

moid, assisting ill forma- 

tion of imsal septum. 

6. Iiateral mass of ethmoid con- 
' sistingoftheetlinioidal cells. 

T. Os pUntittt of ethmoid. 

S. Middle meatus of Uom 
9; Middle tarbiuated tae, ' 

10. Opening Itbm middle meatus 

IJ; Orldtilv plat® of ettpertpr. 


12. Fronto-nialar suture. 

13. In|jpaoii)jitul g;;povb. 

14. Antrum or itinxillary siuuM. ' 

15. Canal for iKe anterior dental 

nerve and vesselH exposed. 

16. Inferior 4iitdnate<l bone. 

17. Inferior meatife of nose. 

1 8. Alveolar proccssVf ««P«dor 

maxilla. ' 

19. Groove foX; auteiior pnlotinp 
# nerve aiid vessels* 

20. Palafcl process of snperior- 
■ ■ maxilla;.':. ; 

21. Maxillery crest forming part 
. of' nasal '.septum, 

22. Vomer forming part of nasal' * 

septum,. 
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ethmoidal cells, and the antrum, respectively, are all thin. The cavity of the maxillary 
sinus ^.ying to the outer side of the nasal fossae is well seen. Its roof, which separates it 
from the orbital cavity, is thin and traversed by the in&aorbit^ canal. Its icner wall, with 
which the inferior turbinal articulates, is very slender, and forms the outer walls of both 
the middle and inferior mcftituses of the nose. Its outer wall is stouter where it arches 
up to bracket the jsygoraatic or malar process. Its floor, which rests upon the upper 
surface of the alveolar border of the upper jaw, sinks below the level of the hard palate. 
The fangs of the teeth sometimes project into the fjoor of the cavity. 

The nasal fossae are narrow above, where they lie between the orbital cavitCes, from 
which they are separated by the cells within the lateral mass of the ethmoid. The roof 
which corresponds to the cribriform plate is narrow, and lies between tl\e septum mesially 
and the lateral masses on cither side. 

At the level of the orbital floor the nasal fossaj expand laterally, the middle meatus 
running longitudinally in the angle formed by the lateral mass of the ethmoid with the 
body of the superior maxilla, overhung by the middle turbinated bone. This channel is 
seen to have the ethmoidal cells superior to it, the orbital cavity *above and to the outer 
side, the antrum externally, whilst its floor is formed by the upper surface of the inferior 
turbinated bone. 

The inferior meatus, much more roomy, runs along under cover of the inferior 
turbinated bone. Externally it is related to the antrum, whilst its floor is formed by the 
concave superior surface of the Ijard palate. 

The hard palate is arched below, whilst its superior surface is concave upwards on 
either side of the median crest which supports the nasal septum. The sides of the atch 
below correspond to the inner surfaces of the alveolar processes and rfall in line with the 
outer walla of the nasal fosste superiorly. The summit of the arch lies a quarter of ^an ijQch 
above the level of the floor of the antrum. 


SEXUAL DIFFERENCES IN THE SKULL. 

% * 

Whilst it is a matter of difficulty, in all cases, to determine with certainty the sex of 
a skull, the following points of difference are usually fairly characteristic. The female skull 
is, as a rule, smaller than the male. In point of cranial capacity it averages about a tenth 
less than the male of corresponding race. It is lighter, smoother as regards the ‘develop- 
ment of its muscular ridges, and possesses less prominent mastoid processes. In the frontal 
region, the superciliary ridges are less pronounced, and this imparts a thinness and sharp- 
ness to the upper orbital margin, which is fairly characteristic, and can best be appre- 
ciated by running the Anger along that edge of bone. For the same reason, the forehead ' 
appears more vertical and the projections of thefronttil eminences more outstanding, though 
it is stated that*the froqtal^nd occipital regions are loss capacious proportionately than in 
the male. Tlie vertex in the female is said to be more flattened, and the height of the skull 
consequently somewhat reduced. In man the edge of the tympanic plate is generally 
sharp, and divides, to form the sheath of the styloid process, whilst in the female the 
corresponding border is" stated to be rounder and more tubercular. 

Whilst it is true that no one of these differences is sufficiently characteristic to enable 
us to pronoance itlt certainty on the matter of sex, it is the case that, taken ttf)gether, 
they usually justify us in arriving at a conclusion which, as a rule, may be regarded as 
fairly accurate. In some ins|.ances, however, it is impossible to express any definite 
opinion. 

DIFFERENCES DUE TO AGE. 

At birth the face is proportionately small as compared with the cranium, constituting 
about one-eighth of ‘‘the bulk of the latter. In the adult the face eqflals at least half the 
cranium. About the age of puberty the development and expansion of ^some of the air- 
sinuses, more particularly the frontal sinus, lead to characteristic (|ifferehces in head and 
c face form. ^ 

The eruption of the teeth in early life and adolescence ‘enables us. to detormih# the 
age with fair accuracy. After the completion of the peimanent dentition, the wear of the 
teeth may assist us in hazarding an approfximate stat^ement. The condition of the suture^, 
too, may giiide us, synostosis of the coronal and sagitts^ sutures uo^ ^ a rule taMngplaCe:^ 
till late in life. Complete obliteration of the synchondrosis between the bcoipital to 
and splienoid* may be regaled as an indication of tmatufity. lii pld age the 
usually becomes lighter end tlje xrauiaD bones The alveolar boxdetB^ 
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superior and inferior maxUleo become alj&orbed owing to the loss of the teeth. This gives 
rise to a flattening of the vault of the hard palate and an altemtion in the form jf the 
lower jaw, whereby the mandibular angle becomes more obtuse. 

CRANIOLOGV. 

The various groups of mankind display in their physical att rihutos eeriain features which are 
more or less charaoteristic of the stock to which tliey belong. Omniology deals witli tlie.se 
differences so far as tliej'^ affect the skull.# The nielliod whendjy these differeuce.s aie, recoixliKi 
involves the accurate measurement of the skull in most of its details. Siu'l) jiromhnv i.s included 
under, the term craniometry. Here only tlie outlines of the subject are briefly referred to ; 
for such as desire fuller mformation on the subject, the works of brocu, Tojiinanl, Flower, and 
Turner may be consulted. • 

The mces of man display great variations in ivgaid to tlie sizj* i>f flu* skull. Apart altogetlier 
from individual diflerences and the proportion of head-size to hody-lieight, it may In* gimerally 
assumed that the size of the skull in the more liighly civil i.*4i*d luces is much in i*xci*ss of that 
displayed in lower types.^ The size of llie Jiead i.s intimately correlated with the develop- 
ment of the brain. By measuring the capacity of that ]»art of the skull occupii*d by the 
encephalon, are enabled to form some estimate of tlu‘ size (>1* tin* brain. 'I’he cranial capacity 
is determined by filling the cranial cavity with some suitable mafeiial and then taking the 
cubage of its contents. Various methods are employtMl, each of which has its advanlagi*. The use 
of fluids, which of cour.se would be the most accurate, is rendered impraclicuhh^, without special 
precautions, owing to the fact that the macerated skull is ]nei*c(‘d ))y so many foramina. As a 
matter of practice, it is found that leaden shot, glass heads, oi^sei*ds of various sorts are the most 
serviceable. The results obtained display a considerable j-ange. of variati4)ii. For jnirjjoses of 
classification and conii)arison, skulls are grouped according to tludr cranial capacity into the 
following varieties : — # • 

• Microcephalic skulls are those with a capacity below 1350 c,c., ami include sucli wcilJ-knowu 
races as Andamanese, Veddahs, Austral ian.s, Bushmen, Tasmanians, etc. 

Mesocephalic skulls range from 1350 c.c. U) 1450 (%c., and embrace* examples of the tbllowing 
varieties: American Indians, Chinese, s<»me AiVictin Negroes. 

Megacephalic skulls ait^ those with a cajiacity over 1450 c.c., and an*, most commonly met 
with in the iflore highly civilise<l laces: Mixed Europeans, Jaj»an(ts(*, Eskhno, etc. 

Apart from its size, the form of the cranium has been regarded as an im])ortant factor iii the 
classification of skulls ; though wlietlier these differences in shape have not been unduly em- 
phasised the past is open to question. % 

The relation of the breadth to the length of the skull is exj)n^ssed l»y means of the cephalic • 
index which recoids the proportion of the maximutu bi'eiidth to the maximum length of the 
skull, assuming the latter equal 100, or — • 

, Max. Iwigth X 

Max. bmidth 

Tlie results are classified into three groups : — 

1. Dolichoceplialic, with an index below 75 : Australians, Kaftii's, Zulus, Eskimo, Fijians. 

2. Mesaticephalic, ranging fixmi 76 to 80 : Europeans (mixed), Ohiuese, PoJyneHians (mixetl). 

3. Brachycephidic, wuli an index over 80 : Malays, Burmese, Ajnerfeau Indians, Anda* 

mahese. * 

In Older to provide for uniformity in the results of different observers, Jtnnft system is neces- 
sary by Vriiich the various points from which tli#t measurements are taken must correspond. 
Whilst there is 'nxuch difference in the value of the Tneasuiimufuts insisted on by individual 
anatomists, aU agfee in endeavouring to select such points on t^ie skull as may lie I'eadily deter- 
mined, find whi^^ave a fairly fixed anatomical position; The more imporUinf of fum “ fixed 
points” ^ ihcJjjSld in the * 

Kaaion.-^%l middle of the naso-frontal suture. 

GlabellS, 4 S^point midway between the two supercilm^^^ ^ ^ ^ . 

Ophi70h.^TSe ofthtra poini of the liai^ of tha forehead, measiired 

■■■■■fiNam^\0ne'..temporallihe tothe ot^^ 
iidon;^Thc externirt^^^<^^ . , . 

wwipital ^uaina in the sagitt^ plane most 

nteiathiom^The midfie bf the posterior 
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Obelion. — point over the sagittal Butiiife, on a line with the parietal foramina. < 
Lambda. — The meeting-point of the sagittal and lambdoid sutures. 

‘Pterion. — The region of the antero-lateral fontanello where the angles of the frontal, 
parietal, squamous temporal, and alisi)henoid lie in relation to one /another, As a 
rule, the sutures are arranged like the letter Hj the parietal and alisphenoid separating 
the frontal from tlte squamous temporal. In other cases the form oT the suture is like 
an X ; whilst in a thii*d variety the frontal and squamous tcmjjoral articulate with 
eacli other, thus separating the alisjdienoid from the parietal. 

Asterion is the region of the postoro-lateral fontauelle where the lambdpid, parieto-mastoid, 
and occi 2 >ito-mastoid sutures meet. , 

Stephanion. — The point where the coronal suture crosses tlie temporal crest. o 
Dacryon. — The point where the vertical lachrymo-maxillary suture meets the fronto-nasal 
suture at the inner angle of the orbit. 

Jugal Point. — Corresponds to the angle between 'iihe vertical border and the margin of the 
zygomatic process of the malar bone. 

Gonion. — The outer side of the angle of the inferior maxilla. 

The measurements of the length of the skull may be taken between a variety of points — the 
nasiou, glabella, or opliryon in front, and the iiiion or maximum ocicifiital point behind. Or the 
maxiimim length alone maybe taken without reference to any fixed jioints. Iiy all cases it is 
better to stale precisely where the measurement is taken. The maximum l)readth of the head is 
very varialde as regards its iiositioii ; it is advisable to state whether it occurs above or below the 
parieto-squamosal suture. The inter-relation of the.se measurements as expressed by the cejjlialic 
index has been already referred to. The width of the head may also be measured from one astefioii 
to the other, biasterionic width, oj»* by taking the bistephanic diameter. 

The lieiglit of tlui cranium is usually ascertained by measuring the distance from the basion 
to the bregma. The relation of the ‘ lieiglit to the length may be expressed by the height or 
vertical index, thus — i. 


Height X 100 
Lengtli. 


Vertical index. 


Skulls are classified in accordance with the relations of length and height as follows : — 


Tapeinpcephalic index below * 72 . 
Metriocephalic index between 72 and 77. 
Akrocephalic index above 77 (Turner). 


Chamaecephalic ipdex up to 70. 
Orthocephalic index from 70T to 75. 
Hypsicephalic index 75’! and iipwaMs 
(Kollmann, Ranke, and Virchow). 


The horizontal circumference of the cranium, which ranges from 450 mm. to 556 nv^h, is 
‘ measured around a plane cuUiiig the glabella or opliryon anteriorly, and the maximum occipital 
point posteriorly. The longitudinal arc is niefisured from the nasiou in front to the opistliioii 
beliiiid ; if to t ins be added the biisinasal length and the distance between the hasion and the 
opisthion, we have a record of tlie vortico-mesial circumference of tlie cranium. This may further 
be diviiled by measuring the lengths of tlie frontal, 2 >arietal, and occijiital portions of the ' 
superior longiti^linal arc. In this way the relative proportions of these bones may be 
expressed. , * 

The iiieasuroiueuts of tlie skeleton of the face are more conijilex, but, on the whole, of greater 
value than the measurements of the cranium. It is in the face that, the characteristic features of 
race are. best observed, and it is here that osseous structure most accurately records the Ibrm and 
l^ropor lions of the liVingj 

The form of the face varies like that of the cranium in the relative proportions of its length 
and breath. Generally siicaking, a dolichocephalic cranium is associated with a long face, whilst 
the bra(;hy<^c? 2 )halic tyiie of head is correlated with a rounder and shorter face. This rule, how- 
ever, is not univer.sal, and there are many exAej^tions to it. 

The (letermhiatiou of the lacial index varies according to whether the ineasuiv.ments are made 
with or withoiil- the mandible in position. In the former case the length is mea.sured frpm the 
opliryon 01*1 nasiou above to the mental tubercle below, and compared with the maximum 
bizygomaiic Avidtli. This is referred to as the total facial index, and is obtained by the 
formula — 


O])hrvoiiicii tal length x 100 
Bizygomatic width 


= Total facjial index. 


More usually, however, owing to the loss of the lower jaw, the projiortions of the face are 
expressed by tlie superior facial index. This is determined by comparinl^ the opliryo-alveolar or 
iiaso-alveolaiTengtli with the bizygomatic width, thus — ^ ; 


OphiyoialycolMle^tli = Superior fteial index 

Bizygomatic moch , r 


The tern^ dolichofacial or leptoprosope and 
employed to express the differences thus recorded. 


* ■ * ■' 

1)taoli7£acial - or elumiq^roiiop^ bave: 



cRANioLoay; 


1 ^ 5 - 


Unifiirniity in these mGa|urements, liowever, isifar fi*oni complete since many anthropologists 
compare the width with the length =100. 

The proi>ortion of the tace-width to the width of the calvaria is roughly expressed by the hse of 
the terms cryptozygous and phsenozygous as applied to the skull. In the former case the 
zygomatic ai’ch& are concealed, *wlieu tlic skull is viewed from above, by the overhaiigiug juul 
projection of the sidas of the cranial box ; in the latter instance, owing to the narrowness of the 
calvaria, the zygomatic arches are clearly visible. 

The projection of the face, so characteristic of i*,ertaiu races (Negroids for exaiuple), may be 
estimated on the living by measuring the angle formed b}" two straight lines, the one passing from 
tlje middle of the exferiial auditor}’ meatu| to the lower margin ot‘ the scjUum of tlie nose ; tlie 
other drawn from the most prominent part of the foreliead above to luueb the. incisor teeth 
below. Tne angle formed by the intersection of these two lines is called tlie. facial angle 
(Camper), and ranges from 62° to 85°. The smaller angle is charaeteiislhi of a imiz/Je-like 
projection ofithc low.r part of the face. Tlie larger angle is the concomitant of a more ViU-tical 

S rofile. The degree of projection of the up])er jaw in the macerated cranium is most readily 
etemiined by employing the gnathic or alveolar index of Flower. This expr(*sses tlie relative 
proportions of the basialveolar and basinasal lengths, the latter being regarded .‘is -lOO, 
thus— 

Basialveolar length X 100 ^ xx.- • j 

— , Glnathic index. 

iiasmasal leiigtk 

The results are conveniently groupt.‘.d into three clas.ses : — 

Orthognathous, index below 98 : including mixed Europeans, ain'icnt Egyptians, etc. 

* Mesognathous, index from 98 to 103: Cliiuc.se, Japanese^ Eskimo, Pol YJursian.s (mixed). 
Prognathous, index above 103 : Tasmanians, Australians, Melanesians, various African 
Negroes. 

The* form of the na^al aperture in the macerated skull is of much value froui an ethnic 
standpoint, as it is so intimately associated with the shape of the nose in the living. The 
greatest width of the nasal apd;ture is compared with the nasal lieiglit (measur'd from the,nasi(»n 
to tlie lower border of the nasal aperture) and the nasal index is thus determined : — 


Nasal whUh x 100 
Nasal height 


Nasal index. 

isasal iieigiit 

• Skulls are — 

Leptorhine, with a nasal index below’ 48: as in mixed Europ(‘ans, ancitmt Egyptians, 
American Indians, etc. . r i . 

Mesorhine, with an index ranging from 48 to 53 : as iii Chinese, *rapan(**se^, Manws, etc. 

, J?ld0yrhiiie, with an index above 6.3 : as in Auslinlians, NegrocH, Kaflirs, Zulus, 

Tlie form of the orbit varies considerably in diffeivnt races, but is of much less value fwiiu the 
standpoint of classification. The orbital index cxpi-es-ses the pniporlion of the orbital height to 
the orbital width, and is obtained by the following formula 

• index. 

Orbital w’ldth 

The orbital heicht ft the distance lietween the iipinr and lower margins of the orbit at the 
middle: whilst the orbital width is measured from a point where the ridge which lorms the 
posterior boundary of the lachrymal groove meets the ironto - lachrymal sytuiu (I'lower), or 
Wn the dacryon "(Broca) to thertuost distant point from these on the anUii ior edge ol the outer 

border of the orbit 

The form of the orbital aperture is referwid to as— 

Megtkseme, if the index l)e over 89 ; # 

Mesoseine, if the index be between 89 and 84 ; 

Microseme, if the index be below 84. 

The TOriations mbt with in the form of the palate and dentary arcade may be exjraj^ by 
the Tnlato%iBxiUart index of Flower, The length is measured from the alveolar wfot te a 
lineS^^^e hinder border^ of the superior maxillary bones, whilst width 

between the outer borders of the idyeolar arch irom^iately aliove th# middle oi the Necoid 

molar todtb. To ob^ ^ index, Ae following formula is employed * 

j PalatoHnaidUa ^ ’width 

Pipo^pwaHaiy len^ 


Fr^rjur i^ elMBificatlon-TarnOT has iniatpdqfied the terms;— 

I)oUcbuii»iile,'ii!^x 

.■BIBcI|^1ir^!Wl•.index■abq^P&/^; 
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the Jength of the cranio-facial axis has been faand by Flower to be* a character of much value. 
The dental length is taken by measuring the distance beweenthe anterior surface of the fii'st pre- 
inolaif and the posterior surface of the tliird molar of the upper jaw. 

To obtain the dental index the following formula is used ; — , 


Dental lengt h x 1 00 
Basinasal length 


-Dental index. 


Following tlic convenient metliod of division adojited Avith otlier indices, the dental indices 
may be divided into three' 'series, called respectively — 

Microdont, index l)elow 42 : including tlie so-called Caucasian or white races. L 

Mesodont, index be^tiween 42 and 44 : including the Mongolian or yellow races. 

Megadont, index above 44 : comprising the black races, including the Australians. 

Many complicated instruments have been devised to take the various measurements required, 
but for all j) radical pur2)oses the calipei*s designed by Flower or the cornpas glisdbre of Broca are 
sufficient. 

As an aid to calculating the indices, the tables |)ublished in the Osteologtcal Odtalogue of the 
Royal College of Surgeons of England^ Part I., Man., or the index calculator invented by Dr. 
Waterston will be found of much service in saving time. a 


DEVELOPMENT OF THE CHONDllO-CRANIUM AND MORPHOLOGY 
. OF THE SKULL. 

As has been already stated (]). 23), the chorda doi’salis extends forwrmis to a point 
immediately beneath the anterior end of the mid-brain. In front of this the head takes a 
bend so that the large fore-brain overlaps the anterior extremity of the notochord. At 
this stage of develo])mcnt the cei’cbral vesicles arc enclosed in a membranous ' cove'ting 
derived from tlie mesenchyme surround i tig the notochord ; this differentiated mesodermal 
layer is called the primordial membranous cranium. From this the meninges which 
invest the brain are derived. In lower vertebrates this membranous capsule becomes 
con verted Jnto a tliick-walled cai’tilaginous enveloj^e, the jirimordiai! cartilaginous craniubi. 
In mammals, however, only the basal part of this capsule becomes chondrified, the roof and 
part of the sides remaining membranous. In considering the cliondrification of the skull 
in mammals,’ it must be noted that part only of the base is traversed by the notochord. It 
is, therefOi'O, conveniently divided into two parts — one posterior, surixiunding the nutoqhord, 
and hence called chordal, and one in front, into which the notochord does not extend, and 
hence termed prechordal. These correspond respectively to the vertebral and evertebral 
regions oV Gegenbauer. In the chordal region a pair of elong.ated cartilages, called the 
parachordal cartilages, appear one on cither side of the notochord ; these soon envelop the 
chorda, and expand so as to form the basilar or occi^^ital plate, Avhicli ossifies later to form 
the basilar process of the, occipital bone, and the dorsum sella) of the sphenoid. In the 
prechordal region two curved strips of cartilage, the trabeculae cranii of llathke, arise and 
pass forwards from the anterior extremity of the notochord, one on cither side of the 
cranio-pharyngeabcanal. In front these trabecula) spread out and ultimately fuse to form 
the ethmoidal plate, which constitutes the fore part of the chondro-cranium. Posteriorly 
the trabecula) unite Avith the basilar plate and thus surround the cranio-pharyngeal canal, 
the lumcir of Avliich' is subsequently closed to form the floor of the pituitary fossa^ in which 
rests the hypopliysis cerebri. Owing to 6he presence of the nasal capsules, the fore part 
of the ethmoidal plate become^s ditrerentiated into an ethmo-vomerine region, from which 
the nasal ^ septum and its associated cartilages arc derived, whilst the remaindei;. of the 
ethmoidxl " plate by expansion and .subsequent ossification develops to form the pre- 
Bphenoiil, the orbito-sphenoids, and the alisphenoids, Avhich latter assist in completing 
the orbital cavity for the lodgment of the eyeball. The membranous ear capsules which 
lie lateral to tlie partychordal cartilages become chondrified and form the cartilagindtUf 
ear capsules. These soon unite Avith the lateral asjiccts of the" basilar plate, but art - 
separated in front from the cartihiginous alisphehoid of the ethmoidal plate by a 
membmnous interval, Avhich is subsequently occupied by the 8qua»nosal, a bone of dermic 
origin. This disappearance of the cartilage under the squamosal Avas regarded by Pdrker 
as the diagnostic mark of the mammalian chondro-emnium. ■ 

From the ventral surface of this cartilaginous platform — ^^formed, as described, by the 
ur^'ou o| the trabecula), parachoixlal <faf tilagos, and cartilaginous ear oapsuIes—iB suspended 
tlic cartilaginous fraflioAvork of the visceral arches, Avl^ich play so dmportant a ^lart in the ' 
development of the fa^, an account of Avhich is elsewhere given (p. 36). / 

A consideration of the facts of comparative g,pato«^ and embiyplogy appeart to jusUfyT;^^^ 
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tlie assumption that the* mauitnaliau skull is of two-fold origin that, in fact, it is 
(jomposed of two envelopes, an outer and an inner, primarily distinct, hut which Ai tlio 
process of e\j)]ution have become intimately fused together. The inner, ealloil the 
primordial skull, is that which has just been described, and consists of tlie cliondro- 
(;raniimi and the branchial skeleton. The outer, which is of llennic origin, includes the. 
bones of the cranial vault and face which are cleveloped in membrane, 'rhis secondary 
skull, wliich first ajjpears in higher fishes as ossified dermal plaUj^s overlying tlie primary 
skull, acquires a great importance inJLhe mammalia, as owing to the expansion of tlie 
brain an^ the progressive reduction of the chondro-eraniiim, these dermal bones become 
engnifted on and incorjiomted with the primordial skull, and act as covering bones to fh(? 
cavities of the cranium and face ; for ^t may bo well to point out llmt these dermal or 
mombranoTiones are not necessarily external in [iosition, as over the cranial vault, but 
also develop in the tissues underlying the mucous membrane of the cavities of the face. 

Advantage is taken of this diflerence in the mode of development of this lH»nes of tlie 
skull to classify them according to their origin into cartilage or primordial bones, and 
membrane or secondary bones. These difVerenccs in the growth of the hone must nut be 
too much iiiiAsted on in detei*mining the homologies 4>f the !)ones of the skull, as it is now 
generally recognised that all bone is of membranous origin, and that M’hilst in some 
cases cartilage may become calcified, it never undergoes conversion into Inw hone, but is 
replaced by ossifio. deposit derived from a membranous source. In tlie siib.st.*(|uent growth 
of the skull parts of the cartilaginous cranium persist as tke .septal and alar cartilages of 
the nose, wliilst for a considerable period the hasisjihenoid and hasioccij>it.al are still 
iinit«ed by cartilage. 

Till two yei\rs aSter birth there are meuibraiioiis intia*vals l>el^v•een the edges and 
.‘ingles of the bones of the cranial vault. These are tennt‘d the fontanelles. Normally 
they are*six in number, and coi*resf)ond in the adult to tiui jiosition of the bivgnui and 
lambda in the middle line and the pterion and asterion on either side. 'I’he anterior or 
bregmatic fontanelle is diamond-shaped, and correspomls to the eonvi'rging angles of the 
])<arietals and two halves of the frontal bone. 1')ie posterior fontanelle is triangular in 
IVlVin, and lies betwx'en the two parictals and the summit of the ociapital sipiatna. 'IMie 
antero-lateral fontanelle lies between the contiguous mai*gins of the frontal, jKirietal, 
s([uamoiis temporal, and great wing of the sphenoid, whilst the postero lateral fontanelle 
is situated between the adjacent borders of the parietal, oceij)ital, and masf<)i<l portion of 
the tcMnjJSral. 

AVliilst ill many instances the primordial and secondary liones nanain distinct in the 
fully-developed condition, they soinetiiues fuse to form complex bones, sueb as thcAomporAl 
and sphenoid (see pp. 116 and 123). 

• Various theories have been advanced to acoDuiit for the iiiode (»f formatifui of tlio 
skull. The earliest of these w^as called the vertebrate theory, which asHv^ned that the 
cranium was built up of a series of moditied vertebra?, the 'centra M'hich corrospondod to 
the basicranial axis, vvhilst the neural arches were repre8ontt?d by the covei’iiig bones of 
the cranium. In view of the more recent rc.seurchus regarding the composite origin of the 
skull above referred to, this theory was necessarily abandoned. It ^avo way to the 
suggestion of G%enbauer thal the primordial cranium has arisen by 'the fusion of several 
segments equivalent to vertebra), the inimber of which he dctenuiiictj^ by noting the 
metamerig arrangement of the cranial nerves, of wdiich he con(?liided there were nine pairs, 
arranged much like spinal nerves, both as to theif origin and distribution. The olhictory 
and optic nerves, though frequently referred to as emuial n<w'v(?.s, are excluded, since from 
the nature of their development they are to be regarded as motamorphosc(f parts of the 
brain itself. Gegeiibauer therefore assumed that that portion of the cranial liaso ^hicli is 
traversed^y the nine pairs of segmen tally aifranged cranial nerves must be formed by the 
fusion of nine Vertebhil segments; and 4is the region where the nerves escape corresponds 
to the part of the chondro-craniupi traveled by the notochonl, he ^jallsi it the vertebral 
portion of the cranial bi^e. in contradistinction to the trabecular or non^vertebral part 
which UeS in front. This latter he riigaixis as a new fomiatiou adapted to receive, t^^^ 
greatly^dcveloped. brain and plcpteOtiott to the organs of sight and stncll; 

As has been pointed out fey llert#ig, tbi^; an essential difference between tlio 
deyclopihentof the a^ialt^rtii^iaou$ skeleton 

segmeiitM into "distinct^ altermM^g ligaments ; 

latter 

divided, tt follows feOiff the Segaiebtatiott of the bead is expressed 

in three- ^ in-; ^ tho;^ 

arran^febnt'of - 

.. ...... 
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arclies). According to Froriep the mcammalian occipital corresl^onds to the fusioft of four 
vert6brie, and tliere is some reason for supposing that in some classes of vertebrates the 
occij^ital region of tlu‘ primordial cranium is increased by fusion with tlic higher cervical 
segments. 

'J'iic form of skidl (Characteristic of man is dependent on the large proportionate 
development of the ciunial ])art, wliitdi contains tlio brain, and the reduction in size of the 
visceral pai't (face), whicli protects the organs of special sense. This leads to a decrease 
in the size and projection of the jaws, as well as a reduction in the size of the teeth. 
Associated with the smaller mandible there is a feebler miiscidature, with a reduced area 
of attachment to the sides of the skull. In this way the disappearance of thei muscular 
crests and fossfe, so eliaractoristic of lower forms, is accounted for. At the same time the 
fact that the sknll is j)ois(jd on the summit oi a vertical column, ‘ leads to important 
modifi(;ations in its structure. 'Die disposition of parts is such that the occipito-vertebral 
articulation is so placed that the fore and liind parts of the head ncai’ly balance each othei', 
thus obviating the ne(3essity for a jjowerfiil museadar and ligamentous mechanism to liold 
the head erect. 

Anotiujr noticciablc feature in (.‘onnexion with man’s skeleton is the ])r.ol()nged period 
during winch gnnvth may occair before maturity is reached ; this is associated with a more 
(•.omplete (ionsolid.Mtion of the skull, since bones, which in lower forms remain throughout 
life distinct, arc in man fused with each other, as exemplified in the case of the presphenoid 
and posts])hen()id, the occipital and the inter]jarietal, to mention one or two instances 
among many. Jt is noteworthy, however, that diinng ontogeny the morphological signifi- 
caiuic of these bones is (dearly demonstrated by their independent ossification. 

The points of eiiit of the various cranial nerves remain remarkably constant;’ and in 
their primitive condition serve to suggest the segmental arrangement of the cartilaginous 
choiidro-cranium already referrcHl to. Owing to the very great modifications n,vhich the 
mammalian skull has undergone in the pro(ie.ssof its evolution, it may be pointed out that 
the ])Mssage of the nerves through the dura mater -a derivative, the readers may be 
reminded, of the j)rimordial membranous cranium (sec <inte ) — alone rej>resents the jmmitive 
dis])ositbn of the nerves. Their subsequent escape throngli the «bony base is a later and 
secondary development. In some cases the two, membranous or primaiy and the osseous 
or secondavy foramina, convsjjond. In other instances the exit of the nerves through the 
dura ma-ter does not coincide with the passage through the bone. 

Of interest in this connexion it inay be pointed out that the foramina ♦•and,, panals 
wliicb traverse the skull are either situated in the line <d- suture between adjacent bones 
^)r in line of fusion of the (jonstituent parts of wliich tlic brjiie pierced is made up. 
For example, the sphenoidal fissure is situated b(»tween the orbito and alisphenoids j the 
anterior condylie lu^tweeii tlur basi and exoecipitals ; the jugular between the petrous, 
basi, and expc(jipital ; the oj)tic between the orbitosplienoid and the presphenoid ; the 
Vidian between tlu^ alisplienoid, intoaial pterygoid plate, and the lingula. 


jniK HONKS OF THE UPrEII EXTIIKMITY. 

' The Ci,avk:i,e. 

•I .1 

The clavicle (clavicaila), ov ooll^xr l>one, one of the elements in the formation 
of the shoulder girdle, consists of a curvtMl shaft, the extremities of which are 



Trapezius 


enlarged. The inner end, since it articulates with tha sternum, i» call^: the < 
sternal end; the outer extremity, from its union with the acromion -process of the ■ 
spapula, is known as the acromial end. 
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The dternal end (extfemitas sternalis) is enlarged, and rests upon the meniscus 
of fibro-cartilage which is interposed betw’een it and the clavicular facet on #the 
upper a.nd external angle of the manubrium sterni, as well as a small part of the 
inner end of the cartilage of the first rib. Its ariimlar surface^ usually broiuier’ 



from above downwards than from side to side, displays an antero- posterior coiivexit}', 
whilst it tends to be slightly concave in a vertical direction. The edge jirouml 
the iV'tiouiar area which serves for the attachment of the capsule of tlie sterno- 
clavicular articulation is sharp and well defined, except* below where it is rounded. 
The shaft is so curved that its anterior outline is convex in its inner two-thirds, 
whil^ ijoncave in the outer third of its length, liounded or prismatic in form 
towards its sternal extremity, it becomes compressed and flatlened towards its 
outej^enc^L The mperior surface of the shaft, which is smooth and subcutaneous 
throughout its whole length, is directed upwards and forwards; the inferior surface 
is inclined downwards and backwards. The anterior border, which separates the 
upper from the under surface in front, is rough and tubercular towards its inner 
end for the attachment of the clavicular fibres of the pectoralis major# whilst 
externally, whfere it becomes continuous with tlic anterior margin of the acromial 
cud, it is better defined, and bears the imprint of the origin of the fibyes of the 
deltoid muscle ; here, not uncommonly, a projecting 8i)ur ol‘ l)oiie, called the 
deltokU tulSercle, may be seen. The 2 ^osterior border is l)road internally, where it is 
■Ripped superiorly to furnish an attachment for the clavicular fibres of the sterno- 
mastoid muscle; behind and below this the sterno- hyoid and sterno- thyroid* 
muscles are attached to the bone. Externally, the posterior border becomes more 
rflunded, and is confluent with the posterior dllgc of the acromial end at a point 
where there is a marked outgrowth of bone from ijbs under surhiccf, the conoid 
tubercle (tuberositas coracoidea). Into the outer third of tlusTjorder are inserted 
the upper and anterior fibres of the trapezius muscle. The inferior surface of the 
shaft close to the sternal end is marked by an irregular elongajied impression 
(tuberositas costalis), often* deeply pitted for tlie attachment, of the rhomboid 
ligament, which unites it to the cartilage of the first rib. External to this tlie 
shaft is channelled by a groove which terminates (dose to the conotd fuberde ; into 
this groove the subclavius muscle is inserted. • 

The acromial end of the bone is flattened and coi^^prcssed from above down- 
wards, wd expanded from before backwards; its anterior edge is sh^erp and well 
defined, atid gives attachment to the deltoid mifscle, which also spreads ovd; fjart 
of its upper surface. , Its posterior margin is rougher and more tubercular, and 
providcs .a surface for the insertion of the trapezius. The aroa^ between these two 
muscular attachmeht» is sniOith and ; subcutaneous. The outet* edge of this 
forward^turned part of the bone is provided with an oval facet (facies articttlaris 
aorpmiaUe^ for articulation vdth the acromion process of the scapula ; the mai^ns 
around this articukr for the at capsule of the joint. 

The inferior surfi^ of the acfdinial end of ; the travelled oblii^uely^^^^^ 

behind forwards and piitwards^ a rough or line call^ the trapez^dd or 
obli^ ridge. - Thej pdsferior extreniijtf: df abuts on the jesten 

border of the 'bone^^ fe 

cora<5oidea);| to of attac^^ 

pprtiods pf the 
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Nutrient Foramina. — The Ibramina for tlie larger* iiulrieiit of which thSre may be 

oncrtor two directed outwards, are usually found alxmt the middle of the posterior border, or it 
jiiay be opening into t he lloor of tlie groove for the subclavius muscle. 

Architecture. — Tlui shaft consists of an outer layer of compact bone, thickest towai*ds the 
centre, but gjadiially thinuiiig towards the extremities, the investing envelope of wliich consists 
merely of a thin shell. Vt^illiin the shaft the cancellous tissue displays a longitudinal striation, 
whi(;h interiially assumes a more cellular apiJcarance. At the acromial end tlie general arrange- 
ment of thc‘- fibres resembles tl)e appc^arance. of the sides <jf a Gothic arch. 

Variations. — The cfavides of women are more slender, less curvtjd, and shorter than those of 
men. In Iht* latter the bone, is so inclined that its ohbn* end lies slightly higher or on the same 
levid with the sternal end. In women the bone usually slopes a little, downward ahd outward. 
The. more jnonounced curves of some ])oiies are associated with a more powerful development of 
the pectoral and deltoid muscles, a circuinstanre whi|*.h also afi’oi’ds an exjdanation (if the differ- 
i*nces usually seen between the right and left bones, the habitual use of the right upper limb 
reacting on the. form of the bone (jf that side. 

Ossification. — IMiylogeiiotically of donuici origin, the clavicle in man is remarkable in 

a miniencing to ossify before 
any other boi^e in the body ; 
this o(*,cnrs as early as tlie 
fifth or sixth week of foetal 
life. 1’be primitive centre 
from which the shafe and 
oil te r e x tremity are developed 
ajjpears prior to the forma- 
tion of any cartilaginous 
matrix ; and it is not till a 
later stage that cartilage plays a part in the development of the bone by assisting the 
growth of its extremities. 

A secondary centre or epiphysis appears at the stiu’nal end about the age of twenty 
or later, and fusion rapidly oecuiTing between it and the shaft, ossification is completed 
at the ii<fc of twenty-five or thereabouts. 

Tiik Scapula. 

The scapula (scapula), shoulder blade or blade bone, is of triangular shape and 
riatteneVl form. It has two surfaces, ventral and dorsal. Eroin tlie hitter 1}here 
springs a triangular process called the spine, which ends externally in the acromion ; 
Svliilst'^rom its superior Ixmler there arises a beak -like projection called tlie 
coracjoid process. 

The body of tlie lioiie, which is thin and translucent, except along its margins 
and where the spine springs from it, has three borders and three angles. Of these 
borders tlie internal or vertebral (margo vertebralis) is the ‘longest ; it stretches 
from the sujierior angle above to the inferior angle below. Of curved or somewhat 
irregular outline, it allbi’ds a narrow surface for the insertion of the levator anguli 
scapulai, rhomboideus .minor, and rhoinboideus major muscles. 

Tlie superior border (margo superior), which is thin and sharp, is the shortest of. 
the three. It rifns from tlie superior angle towards the root of the coracoid process, 
befoj-e reaching wliich, however, it is inteiTupted by the suprascapular notch (in- 
cisura scapuhe), which liesiimmediately to the inner side of the base of that process. 
This notch,' which is converted into a foramen by a ligament, or occasionally by a 
spicnlb of bone, transmits the Suprascapular nerve. Attached to thg superior 
l)ord(U', close to the notch, is the posterior belly of the omo-hyoid. The external or 
axillary border (miy:go axillaris), so called from its relation to the hollow of the 
armpit (axilla), is much stouter than either of the t)thersS it extends from the 
external angle above to the inferior angle below. The upper inch or so of this 
border, whicli lies immediately below the glenoid articular surface, is rough and 
tubercular (tuberositas infraglenoidalis), and affords attachment to the long hbad 
of the triceps. Below this there is usually a groov^e which marks the pos&ion olf 
the dorsal artery of the scapula. The su 2 )erior angle (angulus medialis) is shai^ 
Jt'id more or less rectangular ; inferior (angulus inferior) is blunter 
more acute ; whilst the external angle (anguluSi iateralis) corresponds Co that parti 
of the hope which, is sometimes called the head, anji which supports the^^ 
surface and the coracoid prceoss. 


<fi»i]iliysi8 ossifies nlir)uL Primary ceiitrc appoarK :ilum(. 

liOlli ywir; l‘us(;.s ulxjul -jrilli yuar 'ath or titli month of fo-tal lilV 
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The gfenoid surface is a^jriform articular area, slightly concave from above down- 
wards and from side to side ; its border is but slightly raised above the general surfti.ce 
and aftbrds attg-chment in the recent condition to the glenoid ligament, wliich helps 
to deepen the socket in which the head of the liumerus rests. Behnv, this edge 
is confiiient with tlie infraglenoid impression (tuberositas nifraglenoidalis), whilst 
above it blends with a tubercle (tubei’ositas supraglenoidalis), to wivieb the long lit?ad 
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of the biceps inuscle is attached. Springing from the upper part of tho head, ill 
line with the superior border, is the coracoid proceBS (processus ooracoideus). The 
base of this is limited externally by the glenoid edg^, wltilst internally it is sepa.r- 
ated froifl the superior border by the suprascapular notch. Rising upwards, for a 
short spacer it bends on itself nearly a right angle, and ends in a process whieli 
is ditected outwards ^d slightly forwards, overhanging the glenoid foste aboVe 
and: in front. Compressed from alxiye downwards,' it has attach^ te . itB-uppey 
surftuse near its: angle "the conoid ligament, wide df which there is’ a rough aye^ 
for the trapespid iigauieuL ' Attached to ite posterior Iteyder is the cpraeo-acrouiial 
liga.taen^ yrhilst :at its^^e^^^ and tpwai^ the front ]^t of its anterior luird 

is thettetebittedun^a of thubmepsaud 

of t]|t lieotey^s Buaoy, -The aedc (cPlluoi>te^^ 
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crosses t.lie back of the l)ody obliquely in a direction outwards and slightly 
up^vards, extending from the vertebral border near the lower limit of its upper 
fourth towards the centre of the posterior glenoid edge, from which, however, it 
is separated by the gr^t* scapular notcli, which here corresponds to the posterior 
aspeet of the neck. The surfaces of the spine, which are directed upwards and 
downwards, are concave, the upper entering into the formation of the supraspinous 
fossa, wliich lies above, it, the lower forming the upper wall of thie infraspinous fossa, 
which lies below it. The two fossa*, are in (k)mm unication with each otlier round 
the Iroe external concave border of tlie spine, where that curves over^the great 
scapular notch. Ttie posterior free ])order of tlie spine is subcutaneous throughout 
its entire length. Its upper and lower edgfes are strongly lipped, and serve — the 
superior, for the attachment of the trapezius; the inferior, for the origin of the 

A0„o,.,ov o,.M.,a-..AKKM.KT ^leltoid. Thc intet- 

3 Coua(oii)ikoi:es.s « vGUing surfacc vaiics 

iNFKRUm ANGLE Wllicll it forillS UU 

Fuj. — 'rHK«ar<ajT Scapula as seen fkom the fkont. abrupt bend, termed 

the acromial angle. 


AHTEUI A L I'OUAM KN 


SlM^^*;A^^IiAK roswA-- 


Suljsonpuliiris 






Inferior angle 

Kid. — TnK.BKfHT HcaI’I'LA as sken pbom the Khont. 


The hone iucliidcd between these two boi’ders is called the acromion process. Of 
compressed form, it niuch resembles the acromial end of .the clavicle, w:ith which 
it articulates by means of a facet (faeios articularis^acromii) which is plAced on its 
internal border near its anterior extremity. The superior sotface of the! aSroihioil, 
which is broad and expanded, is sulxjutaueous, and is directed upwards and bi^k^ 
f.ardo, and in the normal position of the^ bone outwards as well. Its inferpAl ; 
edge, where not in contact with the., clavicle, has attached to it the fibres pi' : 
trapezius,* whilst its external margin affords origin to the central part of the} 
tleltoid. At its anterior extreinity, it is wnneeteid with the coraodid pixwess hy;i 
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means t)f the coraco-acr«iiiial ligament. Ils under surface is smooth and overhangs 
the shoulder joint. ^ 

The supraspinous fossa, of much less extent tlian the infraspinous, is placed 
above the spine, the upper surface of which assists in forming its curved floor ; in 
it is lodged the siipraspinatus inuscle. The suprascapularciotch opens into it abovt*., 
whilst below and externally it communicates with tlie infraspinous fossa liy the 
great scapular notch, through which the suprascapular artery and nerve pass to 
reach the infraspinous fossa. , • 

Tlie tnfiraspinous fossa, ovtu'luing by tlie spine above, is of triangular form. The 
axillary border of the bone limits it in front, whilst the vertebral margin bounds it 
liehind ; tjlie greater part ol* this sig:face affords origin to the infraspinatus muscle, 
excepting a well-defined area which skirts the axillary border and inicrior a.ngle of 
tlie bone, and which alfords an attachment to the fibres ol' origin of the teres minor. 
This muscle extends along the posterior surfice of the axillary border in its upper 
two-thirds, reaching iiGKirly as high as the glenoid edge ; whilst a crescentic surface, 
which occujjies the lower third of the axillary border and curves backward round 
the posterior aspect of the inferior angle, furnishes an origin for the teres major 
muscle. Here also, near the inferior angle, are occasionally attached some of the 
fibi^s of the latissimiis dorsi muscle. 

The ventral aspect (facies costalis) of the body is lioljow from above do>vn wards and 
from side to side, the greatest de})tli being in correspondence witli the spring of the 
spinejrom the dorsal surface. Its inner boundary, which is formed liy the anterior 
lipped edge of the iKn'tebral border, affords attachment to tla^ fibres of insertion of 
tliQ^ser^yitus inagniis along the greater part of its extent. The area of insertimi of 
tliis muscle is, however, considerably increaseil over tin* anterior a.si»ects of the 
superior and inferior angles respectively. Kuniiing down from the Iiead and neck 
above to tlie infejrior angle below, there is a stout rounded ridge of bone, which 
imparts a fulness t<v tlie anterior aspect of the axillary liorder and increases the 
depth of the ventral hollow ; to this, as well as to the fioor of the fosstf, the suli- 
scapularis muscle is attached. The tendinous intersectioriB of this muscle leave 
their imprint on this surliice of the bone in a series of tliree or four* rough lines 
whicli (3bnverge towards the neck. • 

Nutrient Foramina. — Foiaiuina for tlui ]»a.s.sagr of nutrient vessels me seem in fliflerenl. parts 
<»f the bone ; the most cons taut in jiositioii is one wliieh opens into the iiifrMs|>iiioas fossa, about /in 
inch or so from the sru])ular imteh. Others are met with on the u]>ju*r and under surface's of the 
* spine, on the ventral aspect near its dee])est ]»art, and also around the gltuioid margin. 

Connexions. — Tlie scapula is not directly cmim* te<l with Ijie ti*iink, hut articulates with the 
outer end of the clavicle, in union with whieli it IVnins ^he shoulder giidh* svijuiorling tin* 
liumerus on its glenoi^l surface. Place<i on the upper and hack ])ar1'\»f4he thf»ra.K, it. coviu’s tlie 
ribs from the second t(i tlie sevcuitli inclusive, }\>ssessed nf a wide range of m(»veme.nt, it alters 
its position accoiding to the attitude of the iimh, rising or falling, being di*awn inwawls or 
outwards, or being roiattMl iijiun itself accoitling as the arm is moved in various directions. Tliese 
cliange.s in position can easily lie determined by recognising the altered relat ions of tlie sulicutaneous 
and liony pi’oniineiuitis, moi'e especially the former, wliich include the sjiine, thft acr-oiuion pi*o(ifiSM, 
and the. loWcn* half of the vertebral border. • S ^ 

Architecture. — For so light an<l tliin a Iwnie, the s<‘apula ]M>Hsesses a I'cniarkahle rigidity. . This 
is owing to the arrangeinent of its jiarts. Stout anTl thick wliej-e it .mippurts the glenoid sui'face 
and coracoid pz'ijcess, tlie rest of tln^ hone is thin, except along t^ie axillary lioider ; hut strength is 
imparted to the body liy the manner in wliich thespine is fused at right angles fo itSijKistgidor shrfa.ee, 
Variatious.— ^T’lie most common variation met ^^ith is a separated ai'.romion *pij()ce8». Tu 
tliese caSes there has been failure in the nasi fic tin ion Ixdw^een tlie spine and acrotnioii, the 
junction between the Wng eft’ected by a layer of cartilage cr an articulatioii posi^^Hsiiig a 
joint cavity. The coiiclition is usually synimetrical on botli shies, tlnnmli instani^ are recomed 
whei^ this arrangem^^ is nnilatoral. Veiy imtcli lUm* is the condition iu which the (w 

S rocess is separable from the rest of the l>ohe. The size and form tif the supi.^ 
iffera. Ill certain cases the superior bolder of the iKine descrilies a unifoMii curve reaching^thd 
base of the cori^id witiiotit any indication of a notch. lii soine HcajiUlie; inoi^o iwticiilarly iii 
those of yeiy old people, the fto^r of the siibscapidar is deficient , owing to the 
the lliin Ixme, the periosteal layers alone fillihg-itp the gap. ■ ; 

birth the vertical length of the lione is less inl projiQrti^^ width than in the iMiult, ^ ; 

Ossification. w^pssifi^tion begin# inj the l^y *0? ike ^ the : 

end of tlie seboiid of foet^ life vy;At: Wrih 

the coracoid afewell^ the 

amxuiuon^ mm corae^ ; 
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I’rini.-iry cHiiln? 
a])j»>ar.s 

•Jiid Ml. IVf tiil life. 


Acroniiul ouillres 
MjijiHars 15-l<i yrs. ; 
fuses about 25 yis. ' 

•Sno-OiHJary cniitffn for 
coracoid ai)])c!irs 
about end 1st yr.; 
fuses aViout IS yrs. 


J(i-17yrs. ; fuses 
about 20 yra. 


Subc.oracoid centre 
.. ttppefirs 1 0 yrs. ; f u.ses 
yr.s. 

Appears atiout 
'74;rs.; fuses 
about 20 yi's. 


fore part of tlio coracoid appears in the first* year, and fusion alopg an oblique lincileadiug 
from the upper edge of the glenoid fossa to the conoid tubercle is complete about the 
fifteen til year. A sepai*ate centre (subcoracoid), which ultimately includes the upper part 

of the gleitoid fossa and 
external part of the 
coracoid process, makes 
its a])pearance about the 
tenth , year, and fuses 
with the surrounding 
bone about sikteeii or 
seventeen. Up till the 
age of .puberty the acro- 
mion remains cartilagin- 
ous ; centres, two or more 
in number, then make 
J^heir appearance, which 
coalesce and . ultimately 
unite witl/' the spine 
about the twenty -fifth 
year. Failure of union 
may, however, peiwist 
throughout life (see arUe, 
Variations). 

Ossifi cati on comitteiicos 
in the cartilage in the 
inferior angle al|t»ut 
puberty, and indepen- 
dently and a little 
later, along the verte- 
bral margin, fnsiop 

with tlu5 Ifody oceurring at from twenty to twenty-five years. * 

Small scale-like epiphyses make their appearance on the n])i)er surface and at the 
extremity of the coracoid, and are completed about the twentieth year. A thin epiphysial 
plate develops over the lower part of the glenoid fossa about sixteen or seventeen, fusion 
<l)eing complete about eighteen or twenty years of age. 




Appears abotd. 
Hi or 17 yr.s. ; 
fii.'^o.s lS-20 yis. 


A])pj‘urH lfi.17 yrs. ; 
fusits 20-25 yrs. 

Hwnpiihi at end of First Year. Stsapiila about llic Afre of l^nberty. 

Fro. 127.-- OssiricATfox ok the Scapula. 


* « I’lIK TTumehus. 

Tlio humerus, or bone ol tlie upper arm, articulates with the scapula above aiul , 
with tlie 1)01108 of the forearm, the ratlins and ulna, below. Its upper end com- 
prises tlie head! and grea'( and small tuberosities ; its shaft, which is longer than any 
of the other bones of the upper extremity, is cylindrical above add flattened below, 
where it ends in the inferior extremity, whicli is expanded to form the condyles on 
either side, and supports the trochlear and capitellar articular surfaces for tlie ulna 
and radius respe/itively. ‘ 

The superior extremity is the thickest and stoutest part of the bone. The head 
(caput huiueri),* wTiioh forms about one-third of a spheroid and is covered by 
articular cartilage, is directed upwards. Inwards, and slightly hackwards/and rests in 
the glenoid fossa of the scapuia ; the convexity of its surface is most pronounced in 
its posterior hitlf. Separating the head from the tuberosities externally is a slfallow 
groove, M-liicli lades away on the surVaoe of the bone which supports the asticular 
surface inloriorly. This is named the anatomical neck (oollum anatomicum) and 
serves for the attaclnmjpt of the capsule of the shoulder joint. The articular edge of 
the groove opposite the small tuberosity is usually notched for tlie attachment of the 
superior gleno-hnfticral ligament. Tlie great tuberosity (tuberciihtm majus) abuts 
on the liuter side of the head and becomes continuous with the shaft below. Its 
' apj)er surface forms a quadrant, which is^suhdivided intp three more or less smooth 
areas of unequal size. Of these the highest and anterior is for - the insertion of the 
supraspinatus muscle, the middle for the infraspinatus, whilst the lowest and 
postta'ior-serves for the insertion of' the teres nVinor muscle. The outer surface of 
this tuberosityj which ^ilges beyond the line of the shaft, is r6ugh and pimreed by 
numerous foramina. Anteriorly the great tuberosity is .separated from : the s>tt^ 
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tuberosiby (buberculum minus) by a well-defined furrow, called the bicipital groove 
(sulcus intertubercularis), from the circumstance tlut the tendon of origin of the 
long head of tlie bice^DS musch 
is lodged wifliin it. Tlie smal. 
tuberosity lies in front of the 
outer lialf of the head ; it forim, 
a pronounced elevation, whicl 
fades into the slmft below 
The surSace of this tuberosity 
is faceted above and in front 
for the insertion of the sub* 
scapularis muscle, whilst ex- 
ternally it forms the proniineni 
inner lip of the bicipital groove 
Below the head and tuberositieii 
the shaft of^ the bone rapidl) 
contracts, and is here luiincd 
the surgical neck (collum chiriir- 
giciyn) owing to its liability tf 
fracture at this spot. 

The shaft, or body (corpiu 
humev), is cylindrical in itg 
upper half. On it Uie bicipital 
groqye jnay be traced down- 
wards and slightly inwards, 
along its anterior surtVice. The 
edges of the groove, which are 
termed its lips, are ^conlluent 
above with the great and small 
tuberosities respectively. Here 
they are prominent, and form 
the . preSts of the great and 
• small tuberosities (cristre tuber- 
culi majoris et minoris). In- 
feriorly the lips of the bicipital 
groove gradually fade aw’^ay;, the 
inner more rapidly than the 
outer, which latter yiay usually 
be traced down to a rough 
elevation placed on the outer 
side of the shaft about* its 
middle, called the deltoid emi- 
nence. Into the outer lij) of the 
bicipital* groove are inserted 
the fibres of the pectoralis 
major ijiuscle ; hence it is some- 
times described as the pectoral 
ridge. T 8 the floor of the groove 
the latissimus dorsi is attached; 
whilst the teres major inusclg 
is inserted into the inner Jip. 

The deltoid eminence (tuber- 
ositas dfitpidea), to Which the 
powei^ul deltoid^^^^^^^^m "is 
. atfeched, :'ifl . aVrough, - slightly' 
elevated ■ V -/shaped;-, 'surfa^ 

■■ placed: 'ohithe^oufe^siiie^^bf they';...^^ 

^•igh^ah 0 ufr;lt 8 :.i^dddfe;^ ■; 
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posterior liiiib of the V winds obliquely round the outer 5ide of the bone towards 
the posterior surface, wliere it becomes continuous with a slightly elevated and 

occasionally rough ridg§ which leads 

I up the back of the bone towards the 

riuspiiiatus great tuberosity superiorly ; from 
kat this latter ridge the outer head of 

«Kuobn\ triceps muscle arises. 

o The inner surface of the shaft 
les minor about its middle inclines Ho form 
a rounded border, on which there 
often a rough linear impression, 
which marks the insertion of the 
, L N V.VK coraco - brachialis muscle. Below 
this the sliaft becomes compressed 
and expanded laterally, ending 
inlbriorly on either s?de in the 
condyles. Its surfaces are now 
anteriorand posterior, being separated 
Irom each other by two clearlyr.de- 
lined borders, the epicondylic ridges. 
Of these, the internal, margo 
medialis, is the more curved and less 
prominent, and fs continuous above 
with the surface to which the coseico- 
brachialis is attaclied, whilst in- 
.EMiNKNuE feriorly it ends by blending with 
the internal condyle. The external 
epicondylic ridge, margo lateralis, 
IS straighter and more projecting; 
umrnvK its edge is usually distinctly lipped. 

(influent with the external^condyle 
inferiorly, it may. be traced *iipwards 
to near the deltoid eminence, where 
it turns l)a.ckwards more or less 
j)arallel to the posterior oblique 
‘ l)order of that impression, to be lost* 

on the posterior surface of the shaft. 
The interval between this border 
and the deltoid eminence is thus 
t*, on verted into a shallow oblique 
furrow, which winds round the outer 
surface of the bone just below its 
middle ; this constitutes the^musculo- 
i- spiral groove (sulcus radialis) along 

wliich the iiiusculo-spiral nerve, to- 
gether with the superior piofimda 
artery, passes from the back^to reach 
the iroiit of the arm. Ta the epi- 
kxtkknai. liondylic ridges are attached the 

EPicoxDYLE intcriKuscular fcepta, whilst the ex- 

iiu-one«.s ternal in its upper two - thirds 

furnishes a' surface for the origin 
, of the brachio- radialis (supinator- 

longusj, and in its lower thitd for 
1 uDCMiEKA extensor carpi radialis longior 

- PosTEKioit View Oir the lluiST'lUJMKuus. Viinuscle. 

The anterior surface of the lower 
half of the^shaft is of elongated triangular fomiy the^ base corresponding to the 
inferior extremity of the bone. Eunning ^o^yn; the centre of this ' is a br(^^ 


-DliLTOJl* EM INKN'UE 


Uracliialis aiiiicus 


"Si'lUAL (SRCtOVE 


Trii.Hjps(iiiiu)r Imul) 


mfl 


OLErKANON 

kossa 

'IVndoii of 
ll«xor imisi',l(!.s 
Interna I, v 
El'lCONDVLK 'H|| 

(iRCK)VE KOR 
IM.NAR NERVE 



THE HUMEEUS. 


IS? 


IlKAIi 


rounded, elevated ridge, most pronounced above, where it joins the deltoid 
eminence, and sloping on either side towards the epioondylic ridges ; it is into the 
outer of these slopes that the 
musculo - spiral groove flows. 

Interiorly the elevated surface 
spreads out, and becomes con- 
fluent with the condyles, more 
correctly termed the epicondyles. 

The internal epicondyle (epicon- 
dylus medialis) is the more 
prominent of ’ the two, and 
furnishes a surface for tlie origin 
of the pronator radii teres, and 
the superficial flexor muscles of 
the forearm, 'flie et:ternal epi- 
condyle (cTii)icoiidy 1 u s lateralis), 
stunted and but little projecting, 
serves for the attachment of 
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Ki( 5 . 130 . — Thk Heai.) ok the Hioht IIi MKiajs as si;k\ kijo.m 
Above (with tlu? outluie of tlic lower i-xtrouiily in rolHlion 
thereto .sliowii in dotte<l line.) 
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Olecranon fossa (iroove for ulnitr n«rve 
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Fiti. 131 , -Thk IjOweh Kxti{emity ok thk 
Rioht Humehus as skkn krom JIki.ow. 


common tendon of origin of the extensor 
muscles. The Imadiialis anticiis muse.le 
has an extensive origin iVoni the anterior 
surface of the lower lialf of the sliaft, in- 
cluding lietween its ujiper slijis tlu^ inser- 
> tion of the deltoid. * 

? The posterior surface of the lower half 
I of the shaft is smooth and rounded IVom 
side to side; somewhat flattened lielow, 
where the whole shaft tends to incline 
forwards, it becomes coutimimji^s on (jither 
side with the posterior surfaces of tlie 
epicondyles, the inner of whJcli is grooved 
for th|j^ passage of the ulnar nerve, whilst the external sujipliiis an fU’igin for the 
ailConeus muscle. The inner head of the triceps 
muscle lias’an extensive origin from the posterior 
surface of the lower two-thirds of the sliaft, internal 
to and below the mnsculo-spiral groove. 

'J’he lower extremity ol’ tlie humerus is niniished . 
with two articular surfaces (tlie condyles proper)^* 
the outer of which, called the capitellum (capitu- 
lum), for articmlation with the upper surface of tlie 
head of the radius, is a rounded eminehce, placed 
on the anterior surlace •and lower border, but not 
extending upwards on the posterior surface of tlie 
inferigr end of the bone. Aliove it, in front, there 
is a shallow depression (fossa radialis), into which 
the margin of the head of the radius sinks when tlie ^ 
elboRv is strongly flexed. A sliallow groove separates ^ 
the C€ypitellum internally from the trochlea, which is f 
a. grooved articular surface, with prominent edges g 
winding spirally round the lower extremity of the 5 
shaft. The spiral Tjurves from behind forwards, and i 
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inwards, and its axis is slight^ oblique to the long « 
aids the shaft. - Jhe inner Up is the more salient 
of the twor and forms sharp . aiid; J^^ 

QK^in to the urticular area ; its cartt|tige-(k>ver8d: 

’ surface is sightly" The dutiw 

groove -which sepasates it ftom the ^ ^ 
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humerus articulates with the great sigmoid cavity of the filna. On the ailterior 
surfiice^of the Ixme, immediately above the trochlea, is a depression — the coronoid 
fossa (fossa coronoidea), in which the coronoid process of tlie ulna rest^ in flexion 
of the joint, whilst in a corresponding position on the back of the lower end of 
the shaft there is a hollow,*callcd the olecranon fossa (fossa olecrani), Just above the 
trochlea posteriorly. Into this tlie olecranon process sinks when the elbow is 
extended. The two fossae are separated by a thin translucent layer of bone which 
may be deficient, thus leading to the formation of a foramen between the two 
hollows in the macerated bone. The anterior part of the capsule of thef' elbow 
joint is attached to the superior margins of the radial and coronoid fossae in 
front, whilst the posterior ligament is connected with the upper border and lateral 
edges of the olecranon fossa behind. The strong internal and external lateral 
ligaments are attached superiorly to the internal and external epicondyles respec- 
tively. '.riie proportionate length of the humerus to the body height is as 1. is to 
4-93--rr25. i- ' 

Nutrient foramina ari*- usmill v to Im seon, one* fit or Jiwii* tin-. .sui*lfu*.e for insifrtLon of thc 
coraco-bracliifilis, tluj otluir usuuily close, to the hinder border of th(j deltoid einineiiee ; both 
hav<i a downwiird (lir(*.c.tion. Niiiiie.ruuH vasc.iilar forainiiifi are scattered filong the line of the 

* anatomical inu-k, the larger ones being situated near the upper end ol‘ the bicijdtal groove. * 

Connexions. — The humerus articulates with the scajmifi above, and radius and ulna below. 
Embedded as the bumerus is in the. silhstance of tlie. uiipei* arm, its slnifl; find head are surrounded 
on all sides. It is only at its lower jiart that it counts into direct, relation witli the surface, tl|e 
iuteriifd ejiicondyle forming a characteristic. ])roJection on the inner side of the elbow ; whiLstf tin*, 
external epicondyle, less ^prominent, and tin* extermil ejneondylic. ridge c;lkii best be recognised 
wlien the. elbow is Ixmt. * 

Architecture. — The slnift C.onsists of fi layer of c.onipficl. bone surrounding ii long mcduJlary 
canal. The outer sliell, thick(*st in. the lower third of the hoin‘, gradually thins until it J'eac.lies 
the superior eniphysifil line, where it forms a layer no thickin* llniu stout pajier. Inferiorly 
the exteiiial shell is thicker and stouter than aliove, until it reaches the (‘pi condyles, below 
which tin* firtic.ular surhujes are formed of a layer of cHimpact !=<p‘>ngy hoiy,*. 'J.Tie iijiiier end of «■ 

* the mediillaK,- canal is snri'oiinded by loose sjiongy tissue, the fiT>res of which arch inwairls 
from the inner snrfaiH^ of the comjiacit outer layer, whilst inferiorly tln^ cancellous tissue 
whic.h sjiriiigs from the outer sludl sweejis downwards in. a rad i f it ing fashion on either side 
of the oh‘cranon. fossa towards tht‘. c.]>i condyles. Above the oletMunon fossa 1h(!re are a 
number of lamime of dense Ixnie which andi across from one side to the ot.her, tlie c©u- 
vt.xity of tin*, arcings lieing directe<l downwards. Tin* sujs'iior epi])hysis, formed of siiongy 
bone, is united to the shalY by a wavy line, concavi* externally and (roiivex internally, leading 
from* the hast of the great tuberosity on the outer side to I he inferior articular* edge on the iimc^r 
side. The mass above this iindudes the head and two tuberosities. Tin*, spongy tissue of the 
head is line, and is arranged, generally in liin»s radial to its surihee; tliat of tint great tuberosity 
is more open, and often displays large sjiaces toAvards its interior, which in old bones communi- 
cate freedy with fhe nn*.dii11^ry caAUty of the shaft. The general direction of the fibres is 
parallc‘1 to the outer surface of the t.id)erosity. The lower articular end is foihned of fine spongy 
tissue, more compact towards the surface, and arranged in lines more oi- less at right angles to itis 
ai'tic.ular planes. In the adult the. principal nutrient canal, viz. that which opens on the 
surface near the iusertijii of the (‘,oi*ac,o-]»raciiialis, traverses the outeri compact wall of the sliafi: 
ohliijuely downwar<|s for ''a (listauc.e of t.vvo and a quarter inch(\s before, it opens into the 
medullary caA'ity. 

Variations. — As'i]a.s*been already stated, the. olecranon and coronoid fossae may conimmiicate 
with each other in the mac(*rat;ed bone. »The r(*siilting supratrochlear foramen is more 
ci>mmonly met Avitli in the loAver races of man, as well as in the anthropoid ajics, and in 
some other mammals. The occuri\*uce of a hook -like sj)iu(*, called the e|)ioondylic process, 
Avhich projects iu front" of the jiiternal ei>icondytiii ridge, is not uncommon. It.s exti*einAy is 
comie('t(*.d Aviih the internal epicondyle by inbans of a fibrous hand, uiiderneatli which the ii'e^ian 
nej’A^t*, accom])aiued by the brachial artery, or one of its huge branches, may jiass, or in some 
instances, the uerv'o aione, or the artery uiiaccom]mined by the nerve. This process- is the homo- 
logiit* in a rudimentary form of a canal ])resent in many animals, notably ,in tlie cainivora and 
marsu])ials. In addit ion to tlie broad musculo-spiral ginove already described, and vA'hicli is no 
doubt produced by the tAvistiug or (.(U-sioii of the shaft, there is occasionally a distinct narrow ; 
grooA'c posterior to it, Avliic.h marks precisely the course of the musculo-spiral neive as it turns 
ijound the outer side of t he. shaft of the hone. 

Ossification. — At birth the slwift of the humerus is usually the Only part of thff 
bone ossilied, if \vc exco])t the occasional m'eseiice (22 per cent) of au ossific centre in tfeo 
head. « (H. .Jli. Spencer, Jonr7i, Aruit, amt rhysiol. voVi xxy. p. 552.) The centre foi’ tte: 
shaft makes its appearance early in the second month of" iutrauterhie life. WitlSin the 
first six months ^after birth a centre usually appears f<n* the head; this is succeeded by 
one for the great tuberosity during the second or 1jm*d year. These sopii coaled ; add . 
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a tliird centre for tlie siflall tuberosity begins to appear about the end of tlio third year, 
or may be delayed till the fourth or fiftli year. These three centres are all bleixled by 
the seventh year, and form an epiphysis, which ultimately unites with the shaft about 
the age of tweiity*fivo. It may l)e noticed that the superior end of the diaphysis is 
conical and pointed in the centre, over which the epi])hysis lits as a ca]), an aiTaiigement 
which thus tends to pi’event its displacenumt before union lias occurred. The first centre 
to appear in the lower extremity is that for the capitellum about the second or third 
year. This extends inwards, and forms the outer half of the trochlear surface, the 
centre Jor the inner half not making its a})pearaiiee till the eleventh or twelfth year. 



Fl(i. 1 3:k OSSIKICATION OK TUK Hi;aiEiuiH. _ 1 


1. A]j]K!ar8 oarly in ‘Jiid month life, 
a. For tube)'OHity, ai)iM*Mr.s 2 to yunrs. 

For lifMulf tippesirs witliin first (! moMtliH. 

4. For iniernMl condylH, appeurn about b years. 

/>. For capitellnm, appoars 2 to H years. 

<5, Appears about 12 yeai-R, 

T. Centres for lieafl ainl great tuberosity, coalesce about 
fj years. 


S. t’eutres for small tuberosity fuse with other centr«i> 
about 7 years. 

AppcHirs about 1 1 or 12 yeiH'H. 

JO. :iiirerii»r t'pfphysis fusps witli shaft alxjiit 10 t»» J7 years. 

11. »Sup«riowepiphy.siH fuses with slulft about 2.'» yeai's. 

12. Fuses with shaft aBoiiD 17 to 18 years. 


Separate centres are devel^iped in connexion with the epicondyles ; that for the external 
a2:)pears about the twelfth year, and rapidly coalescing with the centimes for^^i^^ capitollum and 
troclilca forms an epiphysis, which uiiitcH with the shaft about the sixtr^^ntli or seventeenth 
year. '•The centre for the internal epicondyle apjicars about the fifth year ; it forms a 
separate epiphysis, which unites >vith the shaft aliout eighteen or nineteen. Those two 
epiphyses at the loiver end of the bone are separated^ by a down-growth of the shaft, 
which lies between the internal epicondyle and the trochlea, and fpilns ^>art of the 
base apd inner side of the latter process. ® - • 

The epicondylic process when present is developed from the diaphysis, and has 
been observed to be already well ossified by the third year, (“IVoc. Anat. Soc.” 

Anaii and Phydoky ^SdS,) ^ ^ 

. v- -.- ■TuE.TJhN^^ 

two bpnea of tlie 

longer. V It ^biisists of a large superipr extremity supporting 

a shaft tapeniig-|ro^ ahiOie ;downward^ and ; a; rbi^ded 
’ mfexiotPehd earied head.- • ... "-■.TV;- 

Superior extremity^ oleewien Ue^ iu 

shaft. , Its ppsferidr sdHaee>;; xuOne , ^ 
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subcutaneous and covered by a bursa. Tts superior aspect,* which forms with the 
posterior surface a nearly red, angular i)rojection--the tip of the elbow — furnishes 

a surface for the insertion of the tendon of the 
triceps muscle, together with a smooth* area which 
is overlain by the same tendon, but separated 
from it by a bursal sac. To the anterior crescentic 
border of this process are attached the fibres of the 
posterior part pf the capsule and portion of the 
internal lateral ligament of the elbow join^. The 
anterior surftice is articular, and enters into the 
formation of tl\p great sigmoid cavity. 

The coronoid process (processus coronoideus) is 
a bracket-like process, which juts forwards from 
the fore and \ipper part of the shaft, and is fused 
with tlie oletu'anon procesf., superiorly. By its 
upper surface it enters into the formajtion of the 
great sigmoid cavity, whilst its anterior aspect, 
whicli is scjiarated from its upper side by a sharp 
irregular margin, slopes downwards and backwards 
to become (jonfluent with the anterior surface of 
tlie shaft. Of triangular sha])e, this area, which 
is rough and tubereuLir, ttirminates inferioriyin 
an oval elevated tubeu'cle (tuberositas ulnjc), into 
which the tendon of the brachialis anticus,mu.^dc 
is inserted, (^f the lateral margins of the coronoid 
jirocess, the inner is usually the better defined. 
Above, where it joins the superior l)order, there 
is generally a salient tul)er(;le, to which one of 
tlic heads of origin of tlie flexor sublimis digi- 
torum muscle is attached, whilst below this point 
the inner border furnishes origins for the pronator 
i\adii teres, and occasionally for the flexor*dongus 
pollicis muscles, iTOin above downwards. The 
smooth inner surlace of the coronoid process 
merges with the olecranon behind, and with the 
internal surface of the shaft below. 

The great sigmoid cavity (incisura semilunaris), 
for articulation with the trochlQa of the humerus, 
is a semicircular notch, the upper part of which 
is formed by the anterior surface of the olecranon, 
whilst below it is completed by the upper surface 
of the coronoid process. Constricted towards its 
deepest part by the notching of its lateral borders, 
the aijticular surlace is occasionally crossed by a 
narrow impression which serves to define the 
ole(5ranon jnocess above from the coronoid Ijelow. 
The articular area is divided into an inner 
])orfcion, slightly concave transversely, and an 
outer part, transversely convex to a slight degree, 
l)y a longitudinal spiooth ridge which extends 
from the most prominent part of the border of 
the olecranon above to the most outstanding point 
of the coronoid process beloW, The margins of 
the great sigmoid caVity are sharp and welU de- 
fined, and serve, with the exception of the arek 
occupied by the small sigmoid cavity, for the 
attachment of the capsule of the elbow joint. ‘ ! ; ■ 

The smalk sigmoid ^avity, placed on the outer side of the coronoid process, is an 
oblong articular surface for. the reception of the head of. the radius. It enproaches 
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on th# lower and outer part of the gA3at sigmoid iiotcli, so as to narrow it 
considerably. Separated from it by a rectangular curved edge, it displays a surface 
whicli is plane from above downwards, and concave fro]n Vieforo backwards. Its 
anterior extremity is narrower and more pointed than its ]K)Sterior, and becomes 
confluent with the anterior edge of tlie corouoid pnpess, at which point the 
orbicular ligament, which retains the head of the radius in position, is attached in 
front. Its posterior border, wider and more outstanding, lies in line, and is con- 
tinuous with the interosseous n^argin of the sliaft. neliind this border, the 
orbicular ligament is attached posteriorly. 

The shaft of the ulna (cori)us ulme), whicli is neaiij' straight, or but slightly 
curved, is stout jaud thick above, gradually tapering towards its lower extremity. 
It may be divided into two surlaces, a flexor and an extensor, l>y two well-deflned 
borders, an external or interosseous (crista interossea), and e. posterior (inargo 
dorsalis), which latter is subcutaneous throughout its whole length. 

The outer, or interosseous border (crista interossea), is crisj) and sharp in the 
upper three-lburths of tlie shaft, but becomes faint and ill-deflned in the lower 
fourth. Tci this, with the exception oiily of the part whicli forms the posterior 
boundary of the bicipital hollow, is attached the interosseous membrane which 
connects the two bones of the forearm. The posterior border (margo dorsalis), of 
sinuous outline, curving outwards above, and sliglitlj- inwards below, is continuous 
superiorly with the triangular subcutaneous area on the back of the olecranon, 
being formed by the confluence of the borders wliich bound that surface; well 
marked above, it l^pcomes faint and more rounded below, but may be traced down- 
wj^rdsjbo the posterior snrface of the base of the styloid [irocess. 1\) l.liis border is 
attached an aponeurosis common to the flexor carpi nlnaris, extensor carpi ulnaris, 
and flexor profundus digitorum museJes. A noteworthy feature in connexion with 
this part of the shaft is the fact that it is subcutaneous, and can easily be felt 
•beneath the skin thpiughout its whole lengtii. 

The flexor surface corresponds to tlie front and inner side of the sl'faft. It is 
frequently described as consisting of two surfaces, a,n anterior and an internal, 
which are separated by a rounder anterior border (margo volaris), vvliicli extends 
froyi the tubercle above towards llie styloid jirocoss below. The proiuinence of 
this ridge varies in different hones, being well marked in bones of a iironouuced 
type, but corresponding merely to the rounding of the surfaces in poorly developed 
specimens. The flexor aspect of tlie bone affords an extensive origin to’tho flexor 
profundus digitorum muscle, wliicfli clothes its anterior and inner sides in its upper 
three-fourths, reaching as far back as tlic posterior border, and extending upwards 
as high as the inner side of the corouoid jirocess.^ Imiiiadiately tfclow tlie small 
sigmoid cavity there is a hollow triangular area, limited behind by the upper part 
of the interosseous crest, and defined in front by an oblique line which extends 
downwards and backwar^Js from the outer margin of the corouoid process. In tliis 
hollow the bicipital tubercle of the radius rests when the fotefirm is in the prone 
position, and to its floor are attached the fibres of origin of tJus,supiimtor brevis 
muscle. The lower fourth of the shaft is crossed by the fibres of the pronator 
quadratus muscle, which derives its origin Trom a more or less well defined crest, 
which winds spirally downwards and backwards towards tlie front of the root of the 
styloid process,'and is continuous above with jfhe so-called anterior tiorder. 

Tlib extensor aspect , of the shaft lies posteriorly between the posterior border 
and the inteross^us crest. At its upper part it is jilaced behind the great and 
small sigmoid cavities, extending on to the outer side of the olecranon. Here an 
area corresponding to the upper third of the tengtli of the bone is marked off 
inferiorly by an oblique ridge w^hiclv leaves the interosseous cre^^ an inch or 
more below the hi?ider edge of the small sigmoid 'cavity, Tnto^ ® somejiylsat ^ 
triangular surface the fiferes of Below 

posterior surface is subdivided by a jaint ipngitudinal ridge, the bone between r; 
which and the interosseous crest t)^raishes^^ i^eis meta^ 

pollicis^pextensor lorjgds ppiliois> and' fek^tjedr ihdim Order 

llpwiiwards: ThO surfe^ of bone between the i ppstmo^ 
tidned longitudinal hme is ®nppf;ha^ 
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The inferior extremity of tlie ulna presents a rounded head (capituluxti ulnae)^ 
IVoin \vlucli,on its inner find posterior aspect, there projects downwards a cylindrical 

jiointed process caljed the styloid 
process (processus stylo ideus). 
To the extremity of this latter 
is attached the exterual lateral 
ligament, whilst in front it has 
connected with it the antero- 
internal portion of thfe capsule 
of the wrist joint. The antero- 
exteriial half* of the circum- 
ference of the head is furnished 
with a smooth narrow convex 
articular surface, which fits into 
the signioid'cavity of the radius. 
Its inferior surfqtOe, flat and 
semilunar in shape, and separ- 
ated from the root of the styloid 
process by a well-marked groove, 
rests on the upper surface of 
tfie triangular libro - cartilage 
of the wrist, the apex of which 
is attached»to the groove just 
mentioned. The margins ofi-the 
head in front and behind the 
radial articular surface luive 
attached to them the anterior 
and posterior inferior radio- 
ulnar ligaments. Tlie hinder 
and outer surlace of the styloid 
process is channelled by a groove 
which separates it fron> the 
posterior surface of the head, 
and extends some little way up 
the posterior aspect of the lower 
end of the shaft. In this is’ 
lodged the tendon of the ex- 
tensor carpi ulnaris muscle. 
1'hc proportionate length of the 
ulna to the body height is as 
1 is t75) 6-26 -6*66. 

Nutrient Foramina. —A fora- 
men, iiaving an iii)wai'd «directioii 
for tlie imtrient artery tif the shaft, 
opens on the anterior surface of the 
bone from two to three inches below 
the tuberosity. Vascular canals of 
large size are seen above and liehind 
the small sigmoid cavity, just pos- 
terior to the notched external border 
ofrthe great «.^iigin()id cavity. At the 
lower end of the bone similar open- 
ings are seen ill the groove between 
the styloid (.process and the inferior 
articular surface of tlie head. 

tionnexions. — The ulna aiticu- 
hites above with the trochlea of 
^ the humerus. On the outer dde it 

is in cofltact with tlie radius above and below, the superior radio - ulnar articulation bein^ 
formed by the head of the radius and the small sigmoid rtivity of the ^alna, .the infmor radio- 
ulnar joiiit comprising tlie head of the ulna, wliicli tits into the .siginoid cavity ot^ the radi^^^ 
Betweim these two joints the shafts of the bones are united by the bitero^oUs membraiiev 
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inferioi' ^irface of tlie liead^of the ulna does uolf artieulaU* witli the carpus, Im 
upper surface of the interposed triangular fibro-cartilage. Tlic ulna is superficial 


hut ivsts on the 
* throughout its 

entire extent. Superiorly the olecranon process can he i*eadily recognised, jiarticiihirly wlmu the 
elbow is hent, as in tliis position the olecranon is withdrawn from the olecranon lossa of the 
humerus ill wlflch it rests when the joint is extended. Below this the subcutaneous triangular 
area on the back of the olecranon can he easily determined, an<l 1‘rom it the ]>o.sl<M*ior border o( 
t.he bone can readily be traced along the line of the ‘‘ ulnar riiri‘»)w ’’•to tin* styloid process below. 
With the hand supine this hitter process can In* felt to tin* inner side and slightly behind the 
wrist. When the Jiand is pronated, the lower end of the radius rolls round tin* lower extremity 
of the nlua, and the posterior surface of yiie head of the latter boin* ilow forms a well-marked 
projection^oii the back ot‘ the wrist in line with the clefl. between tlie littli; and j*ing tingers. 

Architecture. — ^The weakest pai*ls the hone are tin? constricted porti<m of the great 
sigmoid cavity, and the shaft in its lowcu* third, the bone bidng most liable to fracture at these 
points. On ^section* the medullary cavity is seen to extend upwards as high as the base of the 
corouoid process; inferiorly it reacln?s ;is low ;is the upper end of the lower iiltli of the hom*. Tin* 
walls of the shaft, which are formed of dense hom?, are much thicker postei-iorly than anteriorly. 
Above they are continuous with the front of the coronoid process and the back of t in? ol(*cranon, 
where they are coinjiosed of layers of hioser texture, which, however, gradually bei;ome thinner as 
tlie points of these processes are reached. Inferiorly they gradually ta])er until the ln*Jid and 
styloid process are reached, nuind wliieli they form a thin shell, considerably thickened, however, 
in the region '’of the groove for the extensor cai‘|»i ulnaris miisch*. The hulk of the upj)i?r 
extremity is tbrmetl of loose cellular hone, ari-aiiged in a series of arca<les, stretching from the 
anterior to the posterioi* wall over the njiper end of the iin‘dullary canal. Above tin? con.stri(?led 
])art»of the great sigmoid cavity the hone displays a din'eivnt structure.; here it is formed of 
s])oiigy lioue, of closer texture, arranged generally in lines radyl to the articular surface. At tin? 
])()iut of constriction of the great sigmoid cavity, tin? layer immediately subjacent is much denser 
and *more com pac.t. 

Tlie lowei* hfth of the hone is formed of loose J^pongy hone, tin? fibres of which have a ge.neral 
longitudinal arraiigeniAit ; tovvanls its extremity the meshes lM*c.onn* snialtei*. 

%uriati011S. — Cases of partial or comjdete absence, of the ulna through congenital di‘fi?ct- have 
heen recorded. Hoseumiilh.*r lia.s de.s(!rilK?d a ea.s(*.in which the ol(?cranon was si*paral(*d from the 
upper end of the hone, resemhling thus in sonn? r(?s])ects the patella. In jiowerfully develo]M‘d 
l)onc?s there is a tendency to the formation of a sharp projecting crest corTis])onding to the insi?j- 
1 ion of the triceps. 

O^ification. — Tlie ulna is ossified from one p»*imary and two or more^seeondary 
centres. The centre for the shaft ajipcars 
early in the second month of foetal life. 

At birth^tlie shaft and a eonsidorable jiart 
of tfle uppe)’ extremit}^ including the 
coronoid process, are ossiHed, as well as part 
of the lower extremity. The olecranon 
^process and the inferior surface of the head 
a,nd the styloid process are cartilaginous. 

About ten years of age a secondary centre 
appears in the cartUage at tlie upper end 
of the bone, and forms an epiphysis 
wliich unites witli the shaft about sixteen. 

A scale-like centre appears yi the cartilage 
of , the head about the sixth year, from 
which tlie under surface of that part of the 
bone is developed, and by the extension of 
which the styloid process is also ossified ; 
this epiphysis does not unite with the shaft 
till tbS twentieth or twenty -third year, 
fndepeudent centres for the styloid process 
and for the extreme edge 'of the olecrauoii 
have also been described. The student 
may here be warned iiliat the* epiphysial 
line between the ; shaft and superior or 
oleciuneiv epiphyMS d(>es not correspond 

to the coristnet^^ the great siginoidj cavity, biit lies considerably above it. 


A])im‘iij s iibonl. 10 yr.'irs 


rnKi»M with Hlmftnhoiit 10 yonrn 



Appettm uboiit « ,vcar.*< 


^ ■ 0 Fiihch with Hhaft 20-28 yearii 

At Birth. Alipiit 12 years. About 16 year/i, 

Fl6. 1^6 .— ThK OsSIKICATlON OP TUB UlNA. 
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below supports the carpus. It consists of a head, a nock, a tubercle, ' a shaft, 
and an expanded lower extremity. The shaft is narrow above, but increases in all 

its diameters below. 

Upper Extremity. — The 
head (capituluin) is disc- 
shaped and provided with 
a shallow concave surface 
(fovea cajutuli radii) superi- 
orly for articulation with 
the capitellum of the 
humerus. The circum- 
ference of the liead (cir- 
cumferentia articularis) is 
smooth and is embmced by 
the-orbicular ligament. On 
the inner side it is usually 
much broader, and dis- 
plays an articular surface, 
plane from above down- 
wards, which rolls within 
the small sigmoid cavity 
of the ulna in thejUove- 
ments f of pronation and 
supination. The (jJiar^.cter 
of the outer half of the 
circumference differs from 
the inner in being nar- 
rowe^r, and rounded from 
above downwards. 

Tlie neck (collum radii) 
is the narrow part of the 
shaft whicli supports the 
head, the overhang of the 
latter being greatest to- 
wards the outer and pos- 
terior side. Below the 
neck, on the inner side, 
there is an outstanding 
oval prominence, the bi- 
cipital tuberosity (tuber- 
lositas radii). The posterior 
half of this is rough for 
the insertion of the biceps 
tendon, whilst the' anterior 
half is smooth and covered 
by a bursa which intervenes 
between it and the tendon. 

The shaft (corpus radii), 
which has an outward curve 
and «is narrow above and 
broad below, is wedge- 
shaped oh section. The 
edge'^ of the wedge corre- 
sjK)nds to the sharp‘.inner 
interosseous margin of the 
bone (crista interossCa), 
whilst its base coirespoh^^ 
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to the tliicj^ and rounded outer border around which the anterior of 
becomes confluent with the posterior or extensor surface. , 
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The» internal or interosseous border, faint above where it lies in line witli the 
posterior border of the bicij)ital tubercle, becomes sharp and prominent in the middle 
third of the bone. Below this it splits into two ftiint lines, wliich lead to either 
side of the sigmoid cavity on the lower end of the bone^, thus including between 
them a narrow triangular area into which the deeper fibres of the pronator 
(jiiadratus muscle are inserted. I'o this border, as well as to tlie posterior of tlic 
two divergent lines, the interosseous membrane is attached. 

The external border (often times ^described us the external surface) is thick and 
rouiided«above, but becomes thinner and more prominent below, wliere it merges 
with the base of the styloid process. About its middle the anterior ami posterior 
oblique lines become confluent with it, and here, ])laced between them, is a rough 
elongated impression which marks the insertion of the pronator radii teres muscle. 
Above this, and on the outer surface of the neck, the suyanator brevis muscde is 
inserted, whilst this border below is overlain by tlie tendons oi* the bracliio-radialis 
and the extensor carpi^radialis longior and brevior muscles. 

The anterior or flexor surface (facies volaris) is crossed oldiqnely by a. line whicli 
runs from flie bicipital tubercle above, downwards and outwards towards the 
middle of the outer border of the sliaft. This, oftentimes called the anterior oblique 
line, serves for the attachment of the radial head of origin of tli(3 flexor subliinis 
digitorum muscle. Above it, the front of the bone li^is the fil)res of tlie sujunator 
brevis muscle inserted into it, whilst below and internal to it, (extending as low as 
tlie'iuferior limit of the middle third of the bone, is an extensive surface for tlie 
origin of the flexor iongus pollicis muscle. In the lower J’onrth of the bone, where 
thc^^ha^t is broad and flat in front, tliere is a surface l‘or the insertion of the 
pronator quadratus muscle wlikih also extends to the interosseous ridge. 

’'The extensor or posterior surface (facies dorsalis) is also (crossed by an oblique 
line, less distinct than the anterior. This serves to define the superior limit of tlui 
(M'igin of the extensor ossis metacarpi pollicis muscle. Above this, the back of the 
neck and upper part of the sliaft is overlain by the fibres of tlie KU])ina.for brevis, 
which become attached to this surface of the bone in its outer half. Below the 
posterior oblique line the posterior surface in the upper part of its inn(?r half gives 
origin db the extensor ossis motacarpi pollicis, and the extensor bre\iH pollicis^ 
muscles in order from above downwards. 


The lower extremity, which tends to be turned slightly forward wluyi viewed 
from below, has a somewhat triangular form. Its inferior carpal articular surface, 
concave from before backwards, and slightly 9o from side to side, is divided into two 
facets by a slight antero-posterior ridge, best marked at its extremities where the 
anterior and posterior margins are notched; the external 5f tliese areas, of tri- 
angular shape,' is for articulation with the scajihoid, whilst the inner, quadrilateral in 
form, is for the semilunar bone. The anterior border, prominent and turned forward, 
is rough at its edge, where it serves for the attachment of thc^arAerior part of the 
capsule of the wrist joint. The posterior border is rough, rounded, •and tubercular, 
and is grooved by many tendons ; t)f these grooves the best markedns Sne wliich passes 
obliquely aerpss its posterior surface. This is for the tendon of the extensor Iongus 
l^ollicis muscle. The outer lip of this groove is ofteii very prominent, and forms 


an outistandihg tubercle. To the ulnar side of this oblique groove tlkere is a broad 
shallow futrow in which the tendons of the ^sxtensor communis digitJpuum arid 
ex^nsof indicia uAi^les are lodged, whilst to its outer side and between it and the 
styloid process, them is another broad groove, sulxlivided by a faint ridge into two, 
for the pas^e tendonetof the extensor carpi radialis brfiyior and the ejctensor 

carpi radialis longior in th^^ order from within qutjvar^ Tlieri^qid^ 
eessus il^ lies to the outer side of the injferioAex tremity ; broad at its base,^ 

it becomes riarmw aifd pointed below where by iririer cartilage-covered^^ 
it foirms the snm^ Inferior tiiangolar articul^^ area. The outer surface of 

this procei^ is crossed obliquely from above downw forwards fey ^ 

gi^ye; the anteriorlip of which and 
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whilst the tendons of the extensor ossis* metacarpi pollicis> and the extensor brevis 
pollids iimscles lie within the groove. To the tip of the styloid process is attached 
the external lateral ligament of the wrist. On the inner side of the lower extremity 
is placed the sigmoid cavity (incisura ulnaris) for the reception of the head of the 
ulna. Concave from before backwards, and plane from above downwards, it forms 
))y its inferior margin a rectangular edge which separates it from the inferior 
carpal surface. To this edge the base of the triangular fibro-cartilage is attached, 
a structure which serves to separate the infer(h)r articular surface of the head of 
the ulna from the carpus. The anterior and posterior edges of the sigmoif>d cavity, 
more or less prominent, serve for the attachment of ligaments. 

Tlie proportionate length of the radius to tlie body height is as 1 is to 
0*70-711. 


Nutrient Foramina. — The openings of si^vej-al small nutrient canals may be seen in the 
ri'.gion of the neck. 'J'liat for the shaft, which has an upward direction, is usually placed on the 
front of tin* hone, internal to the anterior oblique line, and from an ii^ch and a half to two inches 
below the bicii)ita] tubercle. Tlie bach of the lower extremity of the bone is jiierced by many 

small foramina. ^ ^ ^ 

Connexions. — The radius articulates with the capitelliim of the liumeriis in the flexed 
iiosition of tin*. i;]h<)W, with the ulna to its inner side by the superior and inferior radio-ulnar 
joints, and with the scaphoid and semilunar bones of the carpus below. Above, the head of the 
lionii can he. felt in the intermiisiuvlar depression on the outer side of the back of the elbow ; here 
t ill! lioiui is onlv covered by the skin, sui)erficial fascia, and the thin common tendinous origin of 
tin* (‘xtensor muscles, as well as the ligaments which suj^port it. Its position can best be a,scer- 
taiiiod by prouating jind supinating t lie bones of the forearm, wlien the head will lie felt I'otating' 
lieneath the fiiigm*. The lower (uid of the hone is overlain in front and Ijfchind by the flexor and 
I'.xteiiso]’ tendons, liut its gmieral form can he readily made out. The styloid process Tyjjig tf> the 
outer side of the wi*ist in liuc with tlie extended thumli, can easily he recognised : note that it 
reaches a iowm* levc*! than the corresponding ])roc.ess of the ulna. The outer liorder of l,he lower 
l^hird of the shaft, can he distinctly felt, as here the lione is only overlain liy tendons. 

Architecture. — The. n(‘c.k is tLe. narrowest ]mrt of tlui hone ; here fracture may occur, though 
not cominpnly. The ]>oiiit at which, the hone is usually broken is <tihout one inch above tte 
lower (‘xtrernity. Tliis is accounted for l.)y the facd that tlie radius supports tlie hand at th^ 
radio-carjial artioulation, and the shocks to Mdiich the latter is subjected, as in eudeavoui'ing to 
save oneself iroin falling, are natui*ally transmitted to the radius. On section, the medullary 
canal is seen t.o extend as high as tlie neck ; heknv, it reaches to the level of the inferior fifth of 
hoiK*. ^Tts walls are thick as compared with the diameters of the lione, particularly alo?ig the 

int(u*osse()Us howler, thus imi>arting rigidity to 
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'Appoars about 
2-3 yoars 
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20-25 yciira 


At Birth. About 1*2 years. About 16 years. 

‘ Fio. 138 .— Tub Ossification of the Hadius. ‘Ossification. — The centre for the shaft 

makes its appearaitice early in the second ■ 
month of injtrautorine life. At birth the shaft is well foiTned ; its upper and lower 
extremities are capped with cartilage, and the bicipital tubercle is beginning to appear. 


the cuiwe of the shaft ; these walls thin out 
above and hrdow. Superiorly, the surface of 
the bicipital tubercle is formed of a thin 
shell of hone, which, however, thickens again 
where it jiasses on to the neck. The ii]>per 
extremity is formed of spongy hone arranged 
in tlie form of arcades, r&iching below the level 
of the bici})itai tubercle internally, Imt not 
extending below the level of the neck ex- 
ternally. Beneath the caj>itellar articular 
surface lliere is a dense layer, thickest in the 
ceiitii?, and thinning towaids the circum- 
ference ; this is overlain by a very thin layer 
of less compact hone. 

The interior fifth of the slxaft and lower 
extremity are formed of loose spoimy bone 
ari’anged more or less longitudinally^ Im- 
mediately sulijacent to ^ the c^irpaU articular 
surface the tissue is more com])act, and dis- 
plays a striation parallel to tlie articular plane. 
Tlie nutriqnt canal the shaft pierces the 
anterior Avail of the upper part of the medul- 
hir}’^ caAdty obliouely from .below upwards for 
the simce of hall an jncli. 

V axiations. — Cases of congenital absence of 
the radius aVe recorded ; in theije the tluinib 
is not infrequently wanting as welL 
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A secondary centre appeaifi in the cartilage of the lower extremity about the second or 
third year; this does not unite with the shaft until the twentieth or tweiity-fifth.year, 
somewhat earlier in the female. From this the carpal and ulnar articular surfaces arc 
formed. The centre for the head appears from the fifth to the seventh year, and fuses 
with the neck about the age of eighteen or twenty. It f<)|;ms the ea pi tel lar articular 
surface and combines with the neck to form the area for articulation with the small 
sigmoid cavity of the ulna. A scale-like epiphysis capping the summit of the bicipital 
tubercle has been described ; tliis appears about fourteen or fifteeji, and rapidly fuses with 
that process. 

THE HONES OK THE HAND. 

The bones of the hand, twenty-^eveii in number, may be conveniently divided 
into three groups : — 

(1) The bones of the wrist or carpus — eAyht in number. 

(2) The bones of 
the palm or meta- 
ear p us — f'm) e in 
number. 

(3) Tlie bones of 
the* fingers and 
thumb or phalan- 
ges — 1 11 
number. 

% 

The Caupus. 

The carpal bones 
(pssa (3arpi) are ar- 
ranged in two rows : 
the first or proxi- 
mal I’ow comprises 
Irom^ viithout in- 
wards the scaphoid 
(os naviculare), 
semilunar (os luna- 
•tuin), cuneiform (os 
triquetrum), and 
pisiform (os' pisi- 
forme) ; the second 
or distal row in- 
cludes the trapezium 
(os multangulum 
inajus), trapezoid (os 
multanguluin min- 
us), os ma^um (os 
capitatum), arid 
uncifoftx (os hama- 
tum), •Irregularl}’^ 
six-sided, each of^ 
these bon^ possesses^ 
non - articular paU; 
mar and dorsal sur4^ 
faces. Ip addition; 
tlie qparginal bpnes 
are non 

their ^ 
and 
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the fi^iircs in the position they oocnpy in the hand viewed fi^m the front: The views 
un either side and above and below represent respectively the corresponding surfaces of 
the bone turned towai*ds the s[)ectator. 
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Scaphoid Bone (os ijavicnhire). — Tliis is the largest as well as the outermost 
bone of the first row. Its surface^ rough for the attaohinent of ligaments, 

is irregularly triangular. 
The inferior external 
angle forms a jwojection 
called tlie tuberosity; this 
can be felt at the base of 
the root of the £huinb. Its 
mperior surface is convex 
irom side to side and be- 
foxe backwards ibr articu- 
lation with the radius. 
This area extends con- 
siderably over the pos- 
terior surface of the l|one. 
Its inferior surface is 
convex fnnu before back- 
wards, and extends* on to 
the dorsal aspect of the 
bone, slightly convex fe’om 
side to side; it is divisible 
into two areas, the outer 
for articulation with the 
trapezium, the inner f«r 
the trapezoid. The outer 
surface is narrow and 
rounded and forms a nou- 
ariiicular bordef, >Adiich 
extends from the radial 
articular surface above 
t.o the tuberosity below. 
The inner surface is* 
hollowed out in front 
for ai;ticulation with the 
head of the os magnum. 
Above this it displays a 
s I iiall semiluii ar - shaped 
facet for the semilunar 
l)otie. The dorsal non- 
a rtimlar surface ' lies be- 
tween the radial articular 
surface above aiyi the 
, * surface for the trapezium 

and traJ.)ezoid below. It is oblitpiely grooved for the attachment of the \)osterior 
ligaments of the wrist. The scaphoid articulates with five bones— the radius, the 
semilunar, the os magnum, the trapezoid, and the trapezium. • 

Semilunar Bone(os lunatum). — So called from its deeply excavated form, the semi- 
luuar bone lies between the scaphoid on the outer side and the ciineifdrm on the inner. 
Its 'palmar surface, of rhombic form and considerable size, is roifgh for the attachment 
of ligaments; its superior surface, convex from side ik) side and from before back- 
wards, articulates with the radius and in part with the under surface of the 
tri^ingular fihro-cartilage of the w?n»t. Its i/t^erior aspect, deeply hollowed froru ; 
l)cft»rc backwards, is diyided into t\vo articular areas, of A^hich the outer is the- 
larger ; this is fi)r the head of the os magnum ; the inner, narrow from side to side, 
articulates with tlie unciform. Its external surface, creaoentic in ahane; serves for 
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articulation with the scaphoid, and also for the attachment of the interosseous 
ligaments which connect it with that bone. Its inner surface, of quadrili^teral 
form, is cartilage - covered for 
articulation Vith the cuneiform, 
and the edge which separates this 
from the superior surface has 
attached to it the interosseous 
ligament which unites these two 
bones. ♦The rough dorsal non- 
articular surface is much smaller 
than the palmar; by this means 
the front and back of the bone can 
readily be determined. The semi- 
lunar articulates witli five bones 
— the scaphoid, the • radius, the 
cuneilbrm, the unciform, and the 
08 magnum.’ 

Cuneiform or Pyramidal Bone 

(os ^triquetrum),— This bone ma}' 
be recognised by the small oval 
or circular facet on its anterior 
surface for the pisiform. This is 
placed towards tha lower part of the indmar swrface, whicli is«tdsewhere rougli for 
ligiuneuts. The bone is .placed obliquely, so that its surfaces cannot be accurately 
described as inferior, superior, etc. ; but for convenient5e of dcscrijition, the method 
already adopted is adliei’ed to. Tlie superior surface has a c.ouvex rliombic surface 

for articulation witli the under 
surhice of the triaugulu]’ libro- 
cartilage in adductiifti of the 
hand, tliough ordinarily it does 

iiuiKnuiii not appear to lie in f ontact with 

that Htructure. To 4.he ulnar 
side of this it is rough for 
ligaments. The inferior mrfgce 
is elongated and concavo-convex 
from without inwards ; liere the 
bone articulates yitlj the liuci- 
form. The external sarfajcc, 
broader in front' than behind, 
articulates with the semilunar. 
'Tlie inner miface, roundcil and 
rough, is confliKJut above and 
beliirid with# iSm superior and 
dorsal aspects of the bone. The 
dorsal surface, rounded and 
^ smfioth externalljj;, is yidged and 
grooved internally for^tl^e attach- 
ment of ligaments. Tile cunei- 
form arlieulates wijih three bones, viz, the pisiform, the unciform, and the semil unar. 

The pisiform bone (os p^iforme), about the size and shape of a large peii, tests 
on the ante of the fore end of the cuneiform, with which it artioulates 

by an oo^al or pirpul^^ do^l aspect. The rounded inass of the test of 

the boiie is non-articftlar, and iucUnes downwards and outwards 
artiaul^ facet in: fron^ bone is usually teparat^ 

i¥om the arijcular aurfi^e by a siiiaU but 
bone ;;thei:flex<ir-. 

■antoriijnr^i^h^^ 


(/niu<i|[jriu, . 


UiKiifonii 
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facet on its inferior surface for articulation with the metacarpal bone of the^' thumb. 
FrorA its palmar aspect there rises a prominent ridge, within which is a groove along 

which the tendon of the< flexor carpi 
radialis muscle passes. The ridge 
furnishes an attachment for the an- 
terior annular ligament, as well as for 
some of the short musedes of the thumb. 
Th(J superior surface has a half oval 
facet for the scaphoid, external* to which 
it is rough, and becomes continuous 
with the non-articula'r external aspect, 
which serves for the attachment of 
ligaments. On its iujicr surfaces there 
are two I'acets ; the upper is a half 
oval, concave Ir'om above downwards, 
and very slightly convexr from before 
backwards, and is for articulation with 
the trapezoid. The lower, small and 
circulai*, and not always present, if. for 
articulation with the outer side of the 
base of the second metacarpal bone. 
The dorsal surface, of irregular outline, 
is rough for the ffttachment of liga- 
ments. Tlie trajje/ium iirticulates with four bones, the scaphoid, trapezoid, •'ancK’the 
iirst and second nietacarj)al bones. 

Trapezoid Bone (os multangulum minus). — With 
the exception of the pisiform, this is the smallest of the 
carpal bo/ies. Its rough palmar surface is small ami 
pentagonal in outline. Jly a small oblong surface on 
its Huperio'ii aspect it articulates with the scaplioid. 

Infcriorly, by a somcwliat saddle-shaped surfacje, it 
, articulates with tlje l)ase of tlie second metacarpal. 

Separated from this by u rough V-sha]XHi impression, is the surface on the outer 

side for articulation witli the trape- 
zium; this appears as if obliquely^ 
groo\’ed from before backwards and 
downwards. The internal facet for 
articulation with the os magnum is 
narrow from above downwards, and 
deeply curved from before backwards. 
The dorsal Surface of the bone, which 
is rough and non-articular, is much 
larger than the palmar aspeejb. The 
mass of the bone, dorsally, is directed 
downwards and towards the ulnar side. 
The trapezoid articulates with four 
bones — the trapezium, scaphoid, os 
magnum, and the second metacarpal. 

Os Magnum (os capitatum). — This 
is the largest of the carpal bones. Its 
palmar surface is rough and rounded. 
The superior portion of the bone forms 
the head, and is furnished with convex 
articular facets which fit in to the 
hollows on the inferior surfaces of the 
schphoid and semiluhar ; that for the 
latter 48 internal to and separated by 
a slight ridge from the scaphoid articular area;. The hiferipr S7irfc^e, iiavrow 
towards its palmar border and broad dorsally, is subdivided usually^ into 
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facets by two ridges — tliat towards the radial side is for the base of the second 
metacarpal; the middle facet is for the third metacarpal; whilst the inneftnost 
facet of th» three, not always 
present, very small and placed 
near the dorsal side of the bone, 
is for the fourth metacarpal. 

The imter side, of tlie body has an 
articular surface for the trapezoid, 
not infrequently separated from 
the scaphoid surface on the head 
by a rougli line* to wliich the 
interosseous ligament connecting 
it with the scaphoid is attached. 

The inner side of the Ijpdy lias an 
elongated articular surface, usually 
deeply notched in front, or it ma}*^ 
be divided anteriorly into a small 
circular ariba near the dorsal edge ; 
and n larger posterior part. Tliis 
latter articulates either singly or 
doubly with the unciform, the in- 
terossifous ligament which unites 
the two bones being attached 
eith0^ t(f the notch or to the sur- 
face separating the two articular facets, 'fhe /?or.s*a/ surf cur. is rough for ligaments ; 
it is somewhat constricted below the head, the articular surface; of which sweeps 
rounds its upper border. 

The os magnum afbiculates with seven )»ones — the unciform, tlie semikinar, the 

scaphoid, the trapezoid, and 
the second, third,iand fourtli 
metacarpal liones ; ^occasion- 
ally the Jburtli metacarpal 
does not articulate with the 
magnum. • 

Unciform Bone (os 
.hamatum). — The unciform 
can ,rgadily® be distin- 
guished by the hook-like 
process (hamulus) which pro- 
jects from* the lower and 
inner asi^ect of its anterior 
surface. To\tni8 is attached 
the antenor amiu*lar liga- 
ment as well as some of the 
fibres of origin of the short 
muscles of the* little finger. 
T}xq ulnar side ot tBe uiich 
form process is sometimes 
groove^ by the deep branch 
of the ulnar nerve (Ander* 

; son, W., " Proc. Anat. B0c.'^ 
Jfmrny Amt and 
vot ^ p, 11 ).: 
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ineet, the angle i.s blunt), and lias a narrow facet which articulates with the semi- 
lunar. Inferiorly tliere are two articuhir facets separated by a ridge ; these are 

slightly concave Irom be- 
fore backwards, and are for 
articulation, the outer with 
the fourth, and the inner 
with the fifth metacarpal 
bone. The dorsal surface, 
more or less triangular in 
shape, is rough for liga- 
ments. 

The unciform* articulates 
with five bones — vi/. the os 
magnum, semilunar, cunei- 
Ibrnf, and the fourth and 
fifth metacarpals. 



/Os iniiKHiini 


Tiik Carpus as a whole. 

When the carpal Ijones 
are articulated together they 
form a bony mass, the.dorsal 
Hurface*jof which is convex 
from side to side. ^ Aig^ljeri- 
orly they present a grooved 
appearance, (joncave from 
side to side. This arrange- 
ment, is further emphasised 
by the forward i)r<;joction on the inner side of the pisiform and hook of the 
unciform, whilst externally the tuberosity of the scaphoid and the ridge of the 
trapezium hel]) to deejicn the furrow by their elevation. To these four points the 
anterior lunnular ligainent of the wrist is attaclied, which stretches across tVoip side 
to side, and thus converts the furrow into a (*ana,l through which the lloxor tendons ' 
pass to reach the fingers. 
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Architecture. — Tim Loik^s aro foniu^d of lairly compact siJoiigy tissue, suiToiinded by a iliiij 
shell of denser 1 k)ih*. Tinware*. v<*ry A^ascujiar, and tlieir nou-articular siirlaces are pierced by 
many foramina^ 

Variations. — Incrcfv.sirin the number of the car])al elements is occasionally met witli, and 
1.he.se havtj l)ec*n ascril)ed to division of the st aphoid, semilunar, cuncilorin, os magnum, trape- 
zoid, and unciform. In iha last-mentioned case the liook-like ])r(jcess persists as a separate 
o.ssic]e ; hut t he research(*s tif M^'liile.iiius {Morph. ArheifeUy Bd. v. Heft 3, S. 462), together with the 
ohservatioiis of Pfit.ziier, ju*(jve tJuit all these supernumerary hones* are but the persistence of inde- 
])endent i^arjil.-igkious **h*ments wliicli are met with in the hand of the human embryo between 
the secoiuj. and »t^.u\vth jnont lis, and which either disapi)ear or become fused with adjacent 
elements. Of l«he,sc* the most, inlerestiug is the os centralc, first described by Rosenberg, and 
subscHjuently iiiA estigaled by Menke, LebortPq, and others. This is met with almost invariably 
as an independent cartilaginous (i*.lement during the earlier montlis of foetal life, and occasionally 
l)ecomes dpv(n<\i)ed into a. distinct ossicle jrlaced on the hack of the carpus between tlie^scaphoid 
and os niagnum and tbe trapeze lid. Its significance depends on the fact that it is an iih- 
portant*H.*.omponent of llu; carpus in most mammals, and is met with normally inrthe brang 
and most monkeys. Ordinarily in man, as was pointed out by Leboucq, it becomes fused with the 
scaphoid, where "its i)resence is often indicated by a small tubercle, a condition which maintains 
in the chimpanzet*, the Ifor ilia, and the gibbons. ,, • 

Further addition to the nuinbt?r of the trarpal elements may be due to the separation of the 
styloid ]»rocess of the. third metacarpal bone and its persistence as a sei)arate. ossicle. Reduction • 
in the 'number of the cMr])us lias been met with, but this is probahlyt-due to imthological causes. 
Morestiu (JhiM. tior. Amif. de Faru, toinq Vl, j)* 651), who has investigated the subject, : 
tinds tliat ankylosis 0 (.*curs mo.st frecpiently between the bases hf the second and third met^i^al 
bones and the carpus, seldom or never between the carpus and the fii^t metacarpal, or between 
the pisiforni and ciuieiforiii. * 

* Ossification. — At birth tlie carpus is entirely c^jrtilaginous.i Aii exceptional case 1% 
figured by Lainbertz, in which the centres for the os magnum and uncifQrm were 
jircsent. tTic same authority states that it is not UXicommon to nieet withA these 
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ill the isetoiid month aftci’* birth. According Dobiorre {Jour, de I'Anat et de la Plii/swL 
vol. xxii., 1886, p. 285), ossification takes place approx iina tel y as follows: — • 

• Os magnum . . . .11 to 12 months. 

Unciform . . . . . 12 to 1*1 months. 

(hineiform . . . . .2 yeaj*s. • 

Semilunar 5 to 6 years. 

'J'rapezium 6 years. 

. Scaphoid . . • . .6 yi*iii*s. * 

• Trapezoid 6 to 7 years. 

Pisiform 10 to' 12 years. 

The sanijp obseiVor failed to note the appearance of a separate centre for the ajuipliysis 
of the unciform, and records the (»ccurrence of two centres for tl»e pisiform. 


Ituiid 


^ The Meta(’ahi*us. 

The metacarpal bones form the skeleton of the palm, articulating proximally 
with the carpus, whilst by. their distal extremities or heads they sujiport the lioiies 
of the fingers. Five in number, one for each digit, they lie siile In- side and 
sligli^tly divergent from each other, being separated by intervals, termed interosseous 
spaces. Distinguished numerically trom without inwards, they all display certain 
common charactors ; eacili possesses a. body or shaft, a base or (*.ariial extremity, and 
a head* or phalangeal end. 

Tlie shafts, whiali are slightly curved towards the palmar aspect, an? narrowest 
to witfds^ their middle! Their dorsal surface is marked l)y two divergent lines 
which pass forward iTom the back of the ba.s() to tubercles on either sidcj of the 
head. The surface included between the two linos is smooth and of elongated 
triangular form. On either side of these lines two broad sliallow grooves wind 
spirally forward on to the palmar surface, where they are separated in front by a 
sharp ridge whicli is continuous with a somewhat triangular surface wh?c*h corrcr 
spends to tlie palmar aspect of the base. '.Plie grooved surfaces on either side of the 
shaft furnish origins for the interossei muscles. Close to the i)almar drest is tlie 
opeiiing^of the nutrient canal, which is direc.ted towards the 
* carpal extremity, except in the case of the first metatjarpal 
bone. 

The head (capitulum) is provided with a surface for 
^irticulation with the proximal phalanx. This area curves 
farther over its palmar than its dorsal aspect. Convex from 
before backwards epd from side to side, it is wider anteriorly ’ 
than posteriorly; notched on its palmar aspect, its edges form 
two prominent tubercles, which are sometimes grooved for 
the small sesamoid bones which may occasionally be found on 
the antezior surface of the joint. On either side of the head 
of the bone . there is a deep pit, behind which is a pro- 
minent ‘tubercle; to these are attached the biteral ligaments 
of the metacarpo-phalangeal joints. , ^ 

The bades (basis), all more or less wedge-shaped in form, 
articulate with the carpus; they differ in size and shape 
aecordiri^ to their articulation. 

Of $he; bones, tlie first, viz. that of the 

bhutahl> is tbe and stoutest, the second is the longest," 

whUst th^ fifth display a gradual reduction 

in:ieng^^; ;; , 
bp6^ articulate by theif bases with 
othesi- aiid are' united at theif distal extremities by ligaments, 

They aire eot^orin to 

’ - " coftoive , The first h?iilba- 



Shun 
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is compressed from before backwards. Its head, of large sii?:e,is but slightl;f convex 
from^side to side, and is grooved in front for the sesamoid bones. The base is pro- 
vided with a saddle-shaped surfacij for articula- 
tion with the trapezium, and has no lateral 
facets. Externally there is a slight tubercle to 
which the abductor longus j)ollicis mjiscle is 
attached. The canal for the nutrient artery 
is directed ‘uO wards the liead of the bone. ^ 

The second metacarpal bone is Acognised 
by its length and its broad and deeply-notched 
base for articulation with the trapezoid. It 
has a small half-oval facet for 
tlie trapezium on the radial 
side of its base, whilst on its 
ulnar aspect it presents a 
narrow vertical /«trip for the 
08 magnum, in front of which 
there are two half-oval surfaces 
for the third metacarpal.* To 
tlie dorsal aspect of the base 
is attached the tendon of the 
extensor carpi radialis lorigior 
muscle, \yfiilst tlie flexor carpi 
radialis is dnsf.rtetl 
in jront. 

The third meta- 
carpal bone can 

usually be recog- 
nised by the pointed 
styloid process which 
springs from the 
back of its [)ase, and 



'I'rapezoiM 


Os 


iTraiieziuin 


Kkj. inO.- 


-Sk(JONI) Mktacaiu’ai. Honk. 



Styloid ]»n^n‘.s.s 


Os IllUgllUlll 


'"ll. Afatao'rpal 


is* dirc(3(ted radial - wards. 

Supoidorly there is a facet 
on the l>asc for the os mag- 
num. To tlir'5 radial side 
there an*, two halt-oval 
facets for the second meta- insertion 
car[)al. To the ulmtr side 
there are usually\wo small 
oval or 'nearly circular 
facets for'* the foiii th meta- 
car])al. The extensor carpi 
radialis hrevior muscle is 
inserted into^ tlie back of 
the base. 

The fourth metacarpal 
bone may bo recognised by 
a metliod of exclusion. It 
is unlike either the first, Fk;. 151. — Third Metacarpal Bone. 

second; or thinl, and 

diflers from the fifth, which it resembles in size, by having articular surfiuses on 
both sides oi' its base. Superioidy there is a quadrilateral surface on its ,ba^ tor 
articulation with the unciform. On its radial side there are usually two small oval 
JVic 3 ts tor the third metacai’pal. Of these fa6ets the dorsal one not ia&eqiiehtl}’: 
has a narrow surfitce for articulation with the OS magnum. On the filnar side 
there is a tmutow articular strip for the base of the fifth metacarpal, , ' 

The fifth metacarpal bone can be recognised by its size and the fact that: 
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has onlji one lateral articular facet on its base, iiMiiiely, that on its radial side For 
the fourth metacarpal. The carpal articular surface is saddle-shaped, and tlun'e is 



Fkj. 1.02 . Fourth Mbtacahj'ai, Bonk. 


a tubercle on the ulnar side of tlie base for tlie insertit)n of the exto'fmor earju 
ulnaris muscle. 

» 

As ha^beeu alrejwiy poiiited out, tlie o|)eiiiiif»s of the. firleiiMl canals /ire usually s(*eii on I he 
])rthn^* siu’face.s of the iiietaca!'])als, those of the four inner hones hein^' (liriM^tcd upwanls to\vai*(ls< 
* the base or carpal end, di fleriiig in this respect from that of the first inetacfirpaJ, wliich is direeled 
downwards towards the head or phalangeal extremity. Tht5 o]>ciiing of the Jallx^r caiuil iisimlly 
lii^s to the ulnar side of the palmar jispect of the shaft. 

• Architecture. — Similar in aiTangement to that^ of long bones generally, tliough it may be 
noted that the. compact walls of the shaft are thicker in ])roportioii to the length of the bone 
than in the other long bones of the upper extreiiiity. ^ , 

Vaxiations. — ^As ijrevionsly stated {imU, p. 202), the styloid ajxfphysis of the tl lire V meta- 
carpal bone ai)i)ears as a separate ossicle in about 1*8 jier cent, of cases examined (“ Fourth Annual 
Rej^ort of the OommitlAje of Collect. Invest. Anat. Soti. (jrt. Brit, and Ireland,” Jtnmi. Arnit, avd 
Phydol vol. xxviii. p. 64). In place of being united to the third meyiwirpal, the styloid 
apophysis inay.be fused with mtlier the os magnum or the trapezoid, nnrlii*r which wimlitions the 
base oi* the thud metacarpal bone is without this characteristic jirocess. 

Ossification. —The metacarpal bones are ^^cveloped from ]n'imary ami Kecondary 
centres ; but there is a remarkable difference between tlie mode of growth of the fi ret and 
the remaining four inner metaearpals, for whilst the sh^t alid head of the jjrst jnetacarpal 
are developed from the pnmary ossific centre, and its from a secondary ejnjhysis, in 
the case 9f the second, third, fourth, and fifth metaearpals, the shafts and bases arc de- 
veloped from the primary centres, the in these instances being derived from the 

secondary epiphyse^. In this respect, therefore, as will be seen h^roufter, the metacaqia^ 
bone 6f the th8 phalanges in the manner of its growth, a circuttis^uee^^ 

which has considerable discussion whether the thiiihb is to be 

as possesaing three pha||inges and ho mete oiie metiicarpal and tw'd phalahgcis. 

The pyini^y centres for the shafts aiid bases of the second, third, fourth, and 
ca^rfs appear in that Older during the ninjblr week of intraiiterihe lifO^ 

little time after the terminal ph^anges have to- pssifyy that for the shaft and beflkl 

; of the of the tbhmb a, the shafts of 

: weH:forided.i;Tb(Sie<wj)idaiy center 

^ and; jSfth idle 

and tej^ly oonipJei^y fuse 
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iiidei)en(lenfc oeutre for the styloid process of the third inetacalpal, and there is^iisiially a 
scalcrlike cpiplvysis on the head of the firet metacarpal which makes its appearance about 
eight or ten, and rapidly unites with the head. 


The Phalanges. 


Tlie phalanges or huger bones (phalanges digitoruin maims) are Iburteen in 
number — three for eafcli linger, and two for tlnr.- thumb. 

Na-mcd iiuinerically in order from the proximal toward the distal ends of the 
lingers, the first phalanx (phalanx prinia), the longest and stoutest of the three, has a 


Ml. 
rhulniix, 
uiii'iial or 
U'Viiiiiiul 
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seiiii-cjylindrical shaft which is slightly curvej:! forwards. 
The palmar suriacc is hat, and bounded on either side by 
two sharp borders to which the slieath of the flexor tendons 
is attached. The dorsal surface, convex from side to side, 
is overlain by the extensor tendofis. The proximal end, 
considerably enlarged, has a simple oval concave surface, 
which rests on the head of its corresponding metacarpal 
bone. On cither side of tliis the bone is tubercular, and 
affords attachment to the lateral ligaments of the meta- 
carp^)-phalangeal joint. Tlie distal end is much smaller 
lliaii the proximal; the convex articular surface is divided 
into two condyles by a central groove running from be- 
fore baedeward. The second phalann (phalanx seciirida) 
resembles tlic first in general form, but is of sniftl lei? » size. 
It differs, however, in the form of its proximal articular 
surface, which is not a sim])le oval concavity, but is an 
oval area divided into two small, nearly circular con- 
(iavities by a central ridge passing from before backwards; 
those arl.iculate with the condyloid surfaces of the jiroxi- 
mal phalanx. The third, terminal or ungual phalanx 
(plialaiix tertia), is the smallest of the tlu’ee; it is easily 
recognised by the spatula-shaped surface on Us distal 
extremity which supports the nail. Tlie articular surface 
on its ])roximal end, resembles that on the proximal end 
of the second plialanx, but is smaller. On the palmar 
as])ect of tivis end of the bone there is a rough surface for 
the insertion of the tendon of tlie fiexor profundus digi- 
tiirum muscle. The phalanges of tho thumb resemble 
in the arrangement of their parts the first and third 
])halanges of the fingers. 


THK FiNiJKiis (palruiir aspect). arterial canals, irsually InTo in luinilau', placed on either 

side of t lie jialnuii* as]M*(*t and iiearijr the. distal than the [iroximal 
(‘lid ()f the 'ihoiie, are ‘directed towards the tiiiger-tips. 

Architecture. — Each phalanx lias a lu^dullary cavity, thi; walls of tlu^ shaft .lieiiig 'formed of 
dense coni] )act hone, especially thick along tin* dorsfil asijcct. The extrcmiities are made up of 
spongy bone within a thin dens*, shell. 

Variations.'— St aderini has recordinl a c^ise in which there were thriH*, phalaiigt^’ in. the 
thumb {Ink. Anaf. di Frmi:y 0. Chiarunj Mmviiore Zool. Ital. Anno 5, N. 6-7, p. 119-123). , 


Ossification. — The phalanges are ossified from primary and secondary centres. jVoin 
the foi-mcr, which ai)t>ear as early us tlie ninth week of fcetal life,, the shaft and distal ex- 
tremities are developed: whilst the latter, which begin *to appear abo fit the thi I’d year, 
form the |»roximal epiphyses whicli unite witli the shafts from eighteen .to twenty. Dixey 
(Pror. Foi/. aSW. xxx. aiul xxxi.) has pointed out that the primary ceiitre in the upgual 
phalanges commences to ossify in the distal part of thii^ bone rather than towards the: 
centre of the shaft. This observation has been confirmed by Lamberte, who fftrfhei* 
demonstrates the fact that ossification conimences earlier in the distal phalanges than ’ in 
any of the other hones of the hand. ' Of the othef phalanges, those of the first row, begin-; 
niiig with that of flic third finger, next ossify, subseqiient to the appearauffe of OsrifiC: 
centres in the shafts of the metacarpal liones, whilst the second or intermediate 
phalanges is the last to. ossify about the end of Jbhe third month. 
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Sesamoid Bones. ^ 

Two littte oval nodules (ossa sesamoidea), wliich play iji grooves on the puliimr 
aspect of the articular surface of the head of tlie first luetacarpal bone, are constantly 
met with in the tendons and ligaments of that nietacarpft-plialaugeal articulation. 
Similar nodules, though of smaller size, are sometimes formed in tJie corres])ondiiig 
joints of the other fingers, more particularly the index and litye finger ; as "Hiilenius 
has pointed out Arheiten^ vof. v.), these are but tla> [jorsistenco of cartilaginous 

element^which have a pliylogenetic interest. 


THE LOWEE JdMB. 


THE I‘ELV1(^ (MliDLE AND THE 

» 


LOW Ell EXTIIEMITY. 


The pelvic ^rdle is formed by the articulation of“ llu^ two haunch bones with 
the sacrum 15fehind, and their union with each other in front, at the joint called the 
synipliysis. pubis. 

• ' The Innominate Bone. 

• 

The innominate or liaunch bone (os coxic) is the hugest of the (hit l)Ones of tbe. 
sketetou. It consists, of three parts — the ilium, the ischium, and the pubis — 
primarily distinct, Imit fused together in the process of growili to form one large 
irref;julatf bone. The coalescence of these elements takes jdace in and around tlie 
acetabulum, a large circular articular liollow which is plac.ed on tim outer side of the 
bone. Tlie expanded wing-like part above this is the ilium; iho stout V -shaped 
portion below and behind it constitutes the ischium ; while the ^-shaped part to 
rtie inner side, and ini front and below, forms the pubis, 'fhe two latter jiortions of 
the bone enclose between them a large aperture of irregular outline, called the 
thyroid or obturator foramen (foramen obturatornm), wliieb is placed in front and 
below, and to the inner side of the acetabulum. * 

The tlium, almbst a quadrant in form, consists of an ex]>:iiided pla tfe of bone,, 
liaving a curved superior border, the iliac crest (crista iliaca). Viewed from the 
side, this forms a curve corresponding to the circumference of the circle whmh 
the bone is the quadrant; viewed from above, however, it will be seen to display 
•a double bend— convex anteriorly and exffernally, and concave posteriorly and 
externally. The iliac crest is stout and thick, and ^for descriptive, purposes it is 
divided into an oilier lijp (labium externum), an inner lip (liiliium internum), an(i 
an intermediate surface (linea intermedia) which is broad behind, narrowest about 
its middle, and wider again in front. About 2| inches from the anterior extremity 
of the crest the outer lip is usually markedly prominent and forms a projecting 
tubercle, which can readily be felt in the living. Attaidied to thefee surfaces and 
lips anteriorly are the muscles of the flank, whilst from tluhn'jxjstiA’ioiiy the 
latissimus dorsi, quadratus lumborum, and erector spinm muscles derive their 
origiiis. In front, the crest ends in a pointed process, tjie anterior superior iliac spine 
(spina#iliaoa anterior superior)^ To this the outer extremity of Poupart*» ligament 
is attached, as well as the sartorius muscle, which also arises from the etf^^ of bone 
immediately below it, whilst from the same process and ironi the anterior eiid of 
the outer lip of the iliac crest externally the tensoi* iascife femoris muscle takes 
origim-A'^:^^ * ' 

The anterior bo^^ of the ilium Btretches from the anterior superior iUac spine 
to the iijargm^^:q^^ the acetabuliim below. Above, it is, tW but below, it forms a. 
thick rtub^ular pr^ess, theJ anterior spbie 

feri^); ; ^ this th6 strong^ 

ili6ri^orai:l^xn^t: 
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bone becomes thick and rounded, and forms a wide notcli which sweeps ^forwards 
and downwards to join the mass of bone behind the acetabulum, where it( become 
fused with the ischium ; this is called the ilio-sciatic or great sciatic notch incisuras 
ischiadica major). ' 

The ilium has two surfaces, an inner and an outer. The external mrfaee y& 
divided into two parts, viz. a lower acetabular, and an upper gluteal part. The 
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lowefi’ forms a little less than the upper two-fifths of the acetabular hollow, and is ; 
separated from tlie larger gluteal surface above by the upp6r prominent margin of 
the articular cavity. The gluteal surface, bi'oad and expanded, is coheavQ-^onvex 
from behind forward. It is traversed by three rough curved lines, well seen in 
strongly developed bones, but ofter. faint and indistinct in, feebly marked spe^^^ 
mbns. Of these the. inferior curved line ^ine^ glutsea inCjrior) Guryes^t^ackwirds 
from a point immediately above the anterior inferior spine towards the 
.notch posterior^ ; tlie bone between this jmd the acetabular margin is ^ 
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a rouglusliallow groove •from which the reflected head of the rectus femoris muscle 
arises. The mid^e curved* line (liiiea gluteea anterior) commences at the crest of 
the ilium, about one inch and a half behind the anterior superior iliac spine, and 
sweeps backwards and downwards towards the upper and posterior part of tlie ilio- 
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surface immediately above and behind it is for some of the fibres of origin of the 
glutaus maximus muscle. ' 

The inner surface of the ilium is divided into two areas which present very 
characteristic differences. The posterior or sacral part, which is rough, displays in 
front a somewhat smooth, auricular surface (facies auricularis) which is cartilage- 
coated in the recent condition, and articulates with the sacrum. Above and behind 
this there is an elevated irregular area, the tuberosity (tuberositas iliaca), which is 
liere and tliere deeply pitted for the attachment of the strong posterior sacro-iliac 
ligaments. Above this the bone becomes confluent with the inner lip of the iliac 
crest, and here it affords an origin to the erector spinae and multifidus spinas 
muscles. The anterior part of the inner aspect of the bone is smooth and exten- 
sive; it is subdivided by an oblique ridge, called the ilio-pectineal line (linea 
arcuata), which passes forwards and downwards from the most prominent point of 
the auricular surface towards the inner side of the ilio-pectineal eminence which 
is placed just above and in front of the acetabulum, and fciarks the fusion of the 
ilium with the pubis. Above this the bone forms the shallow iliac fossa (fossa 
iliaca), from the floor of which the iliacus muscle arises, whilst leading from the 
fossa, below and in front, there is a shallow furrow, passing over the superior 
aceta];)ular margin, between the anterior inferior iliac spine on the outer side and 
the ilio-pcctineal eminence internally, for the lodgment of the tendinous and fleshy 
part of the ilio-psoas muscle. If held uj) to the light the floor of the deepest part 
of the iliac fossa will be seen to be formed of but a thin layer of bone. A nutrient 
foramen of large size is seen piercing the bone towards th© hinder part of the 
fossa. Below and behind the ilio-pectineal line the inner surfiice of the jlium 
forms a small portion of the wall of the true pelvis ; the bone here is smooth, and 
rounded off posteriorly into the ilio-sciatic notch, where it becomes confluent with 
the inner asj)ect of the ischium. Just anterior to the ilio-sciatic notch there are 
usually the openings of one or two large vascular foraminift. From this surface 
arise soine of tlie posterior fibres of the obturator internus muscle. 

The ischium constitutes tlie lower and hinder part of the innominate bone. 
Superiorly* its body (corpus) forms somewhat more than the inferior two-lifths of 
, the acettfbiiluui together with the bone supporting it behind and withih. Below 
this the superior ramus passes downwards and backwards as a stout three-sided ‘ 
p;e(ie oli bone, from the inferior extremity of which a compressed bar of bone, called 
the inferior ramus, extends forwards at an acute angle. This latter unites in front 
and above with the descending ramu^ of the pubis, and encloses the aperture called 
the olituratoi; foramen. 

Superiorly, and bii the outer aspect of the ischium, the qjpetabular surface is 
separated from the bone below by a sharp and prominent margin, which is, 
however, deficient in front, where it corresponds to the cotyloid notch (incisura 
acetabuli) leading jnto the articular hollow; the floo» of this notch is entirely 
formed by the ischium. Below the prominent acetabular margin there is a well- 
marked groove iii which the tendon of the obturator externus lies. Beneath this 
tlie antero-oxternal surface of the superior and inferior rami furnish surfaces for the 
attachineiits of the obturator externus, quadratus femoris, and adductor magnus 
muscles. » The postero-external surface of the ischium forms the convex surface on 
the baeJv 6f the acetabulum. The inner border of this is sharp and well defined^ 
and is confluent above with the border of the ilium, which sweeps round^the great 
or ilio-sciatic notch. From this border, on a level with the lower edge of the 
acetabulum, tliere spVings a pointed process, the spine (spina iachiadica), to which is 
attached the lesser sacro-sciatic ligament and the superior gemellus muscle. Below 
this the postero-external surface narrows rapidly, its inner border just below the 
spine lieing hollowed out to form the small sciatic notch (incisura ischiadica niinor)^ 
The lower part of this surface and the angle formed by the two xami are capped by; 
an irregularly rough pyriform mass called the tuberosity (tuber ^chii). This 
dic/ided by an oblique ridge into fcw6 areas, the upper and outer for the tendon of 
origin of the seiiiiiiiembranosus muscle, the loweh and inner for the coiijolned heade 
of the biceps and semitendinosus muscles. Its prominent inner Mp j^ryes.fo^ 
attachment of the great sacro-sciatic ligan^pnt, yrhilst its outer edge^ fo 
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origin foi^ the quadratus femoris muscle ; in front and below, the adductor magnus 
muscle is attached to it. ' • 

The inner surface oi the body and superior ramus of the ischium form in part 
the wall of the true pelvis. Smooth and sliglitly concave from before backwards, 
and nearly plane from above downwards, it is widest opposite the level of the ischial 
spine. Below this its posterior edge is rounded and forms a groove leading to the 
small sciatic notch, along and over which the tendon of the obturator internus 
passes. To part of this surface the •fibres of the obturator ifiteruus are attached, 
whilst the^inner aspect of the spine supplies points of origin for the coccygeus and 
levator aiii muscles, as well as furnishing an attachment to the “ white line ” of the 
pelvic fascia. The* inner surface of tthe inferior ramus of the ischium is smooth, 
and so rounded that its inferior edge tends to be everted. To this, as well as to its 
margin, is attached the crus penis, together with tlie iscliio-cavernosus, obturator 
internus, transversus perinei, and compressor uretline muscles. In the female, 
structures in correspondence with these arc also found. 

The fore-part of the innominate bone is formed by the pubis ; it is by means of 
the union of ftiis bone with its fellow of the opposite side that the pelvic girdle is 
completed ip. front. 

The pubis (os. pubis) consists of two rami^ — a superior, ascending, or horizontal 
(ramus superior oss. pubis) and an inferior or descending (rajuus inferior oss. pubis). 
The broad part of the bone formed by the fusion of these two rami is the body. 

The* body is sometimes described as that part of the bone wlyeh enters into tlio 
formatioii^of the acetabulum, but the English nomenclatiiro has hero been followed. 

The body of the pubis has two surfaces. Of these the inner oi* post&nor *is 
smooth, and forms the fore-part of the wall of the true pelvis; liereto are attached 
the levator ani muscle aud puboprostatic ligaments. I'he anterior or todernal 
s'll^rface is rougher, and»furnishes origins for the gracilis, adductor longus, adductor 
brevis, and some of the fibres of the obturator externus muscles. The inner border 
is provided with an elongated oval cartilage -covered surface by means of 
which it is united to its fellow of the opposite side, the joint being called 
the sympffysis pubis. The upper border, thick and rounded, projects som^hat, so 
^as to overhang the anterior surface. It is called the crest. Internally this forms 
with the inner border or symphysis the angle, whilst externally it terminates in a 
pointed process, the spine (tulierculum pubiciim). From tlie crest arise the rectus 
alidominis and pyramidalis muscles, and to thS spine is attached the inner end of 
Poupart's ligament. Passing upwards and outwards^ from tlie outei side of the 
body towards the ac^etabulum, of which it forms about the*anterior fifth, is the 
superior ramus (ramus superior). This has three surfaces : an antero-siiperior, an 
antero- inferior, and an internal or posterior. The antero- superior mrf(Me is 
triangular in form. Its apex corresponds to tlie pubic spine; its anterior inferior 
border to the obturator crest (crista obturatoria), leading from tli^ spine to the 
upper border of the cotyloid notch ; whilst its sharp postero-superibr *l)orddlr trends 
npwards^and out)yards from the spine, and is continuous with the iliac portion of 
the iUo-pectiheal Une^^ to the ilio-pectinej,l eminence, forming as it 

passes along the sup^g^ the pubic portion' of that same line (pecten oss, 

pubis). Qn this within the ilio-pectineal eminence, there is ofteui;4 short; 

sharp crest w:hich insertion of the psoas parvus. The base of the 

trian^ corre^onds to eminence/ above, and the upper margio 

the cotjrlqid notch below. Slightly hollow from^^^^ to sidS, and convex fropi 
before backwards, this surface provides an orig^^ overlain 

pectineua^^busQle. ^h^ikternal or pokeT^r 

concave ^de> and/slightlyj fromiabo^ downv^Btidk^*^^ 

sha^njB^fe buivbd 

. riie' ■..broadSbbti^^ 
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Flattened and .compressed, it unites with the inferior ramus of the iscl^ium, and 

thus encloses the thyroid foramen, whilst in correspondence with its fellow of 
the opposite side it completes the formation of the pubic arch. Anteriorly it 
■ furnishes origins for the gracilis, adductor brevis, and adductor magnus muscles, 
as well as some of the fibres of the obturator externus muscle. Its inner surface 
is smooth, whilst its lower border, rounded or more or less everted, has attached to 
it the fore-part of the cri|S penis and the sub-pubic ligament. 

The acetabulum' or cotyloid cavity is thet nearly circular hollow in which .the 
head of the thigh bone fits. As has been already stated, it is formed byrthe fusion 
of the ilium and ischium and pubis in the following proportions : the ilium a little 
less than two-fifths, the iscliium somewhat ^nore than two- fifths, the pubis con- 
stituting the remaining one-fifth. It is so placed as to be directed" downwards, 
outwards, and forwards, and is surrounded by a prominent margin, to which the 
capsule and cotyloid ligament of tlie hip-joint are attached. Opposite the 
obturator ibramen this margin is interrupted by the Cotyloid notch (incisura 
acetabuli) ; immediately external to the ilio-pectineal eminence the margin is 
slightly hollowed, whilst occasionally there is a feeble notching ^bf the border 
above and behind. These irregularities in the outline of the margin CQrrespond to 
the lines of fusion of the ilium and pubis and the ilium and ischium respectively. 
The floor of the acetabulum, is furnished with a horseshoe-shaped articular surface, 
which lines the circumference of the hollow, except in front, where it is interrupted 
by tlie cotyloid notch. It is broad above; narrower in front and below. J¥ithin 
this articular surfiice there is a more or less circular roughtarea (fossa acetabuli) 
continuous in front and below with the floor of the cotyloid notch. Tbis,<^ome- 
what depressed below the surface of the articular area, lodges a quantity of fat, 
and provides accommodation for the interarticular ligament of the joint. As may 
be seen by holding the bone up to the light, the floor of this part of the acetabulum 
is not usually of great thickness. The major part of th® non-articular area ‘ is 
formed by the ischium, which also forms the floor of the cotyloid notch. 

The thyroid or obturator foramen (foramen obturatum) lies in front of, 
below, and internal to the acetabulum. The margins of this opening, which are 
formed fh front and above by the pubis, and behind and below by the isbliium, are 
sharp and thin, except above, where the under surface of the superior ramus of tlie" 
pubis is channelled by the obturator groove. Below, and on either side of this 
groove, two tubercles can usually be seen. The one, situated on the edge of the 
ischium, just in front of tlie cotyloid notch, is named the posterior obturator 
tubercle (tu|)erculuiii obturatorium i)osterius); the other, placed on the lower 
border of the iniiftr" surface of the superior ramus of the^ pubis, is called the 
anterior obturator tubercle (tuberculum obturatorium anterius). Between these 
two tubercles there passes a ligamentous band, which converts the groove into a 
canal along which ^ the obturator vessels and nerve pass. Elsewhere in the fresh 
conditio Ji the' obturator or thyroid membrane stretches across the opening from 
margin to niftrgln. The form of the foramen varies much, being oval in some 
specimens, in others more j]?'»rly triangular ; its relative width in the female is 
greater than the male. 

Nutrient foramina Ibr the ilium arv seeu on the floor of the iliac fossa, just in front of the 
sacro-atiricuhir surface ; on the pelvic, aspect of the hone, close to the gj*eat sciatic notch ; and oil 
the gluteal surlact‘. extenially, near the centre of the middle curved line. For the ischium, bn its 
pelvic surface, and also extenially on the groove below the acetabuliiiu. For the pubis, on the 
surface of tlie body, ancf deeply also from the acetabular fossR. «• 

Connexions. — The innomiuatcj hone articulates with the sacrum behind, with the femur fo 
the outer side and below, and with its fellow of the opposite side internally and in front. Each 
of its three parts comes into direct relation with the surface. Abowi, the iliac crest assists iu 
funning the iliac furrow, which serves to^separate the region of the flank from that of the 
buttock. In front, the anterior superior iliac spine forms a definite landmark ; whilst behindj 
the posterior siqierior iliac spines will he found to coi^espond with dimples situated bn 
either .^idc of the middle line of the ro(;jt cf the back^ The symphysis, the crest, a.nd spine of the 
pibis can all be distinguished in front, though overlilin by a considerable quajitity of fat, , 
whilst the position of the tuberosities of the ischia,*^ when imco\^er^ by the grbat/g^^ 
muscles in The flexed position of the thigh, can readily; be oscertoined.; In tlie perin^l 
the outline of the pubic and ischial rami qin easily be determiiiied by digital exatnipatibiL = . 
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Architecture a Hat bono tlie os iuuoniinatuiii ooiisisls of s})oiiyv tissue between two 
compact exterual lav(n*s. These latter vary niuch in thickness, being exceptionally stout (Uong 
the ilio-pectiiieal line and 1 lie lloor of the iliac, fossa immediately above it. The gluteal aspect 
of the ilium is a^so formed by a layer of considerable thickness. The sjiongy iissut^ is loose anti 
cellular iu the thick part of the ilium and in the body of the ischium ; absent where the floor of 
the iliac Ibasa is formed by the coalescence of the thin dense confining lavers ; fim*. grained and 
more compact in the tuberosity of the ischium, the iliac crest, and tile lloor of the acetabulum, 
iu which latter situation it is striated by fihit*s whicli are directed radially to the, surface of tliat 
liollpw, these Jigaiii being crossed at right a^igle.s by other.s whicli ai*e arranged circumforeiitiallv. 
This spongy tissue forms a more compact layer over the surface of the. u]>per and ba»;k portion of 
l,lie acetabular articular area. Tlie bottom of the floor of the acetahulum varii*s iu thickness ; iu 
most cases it is thin and in exceptional instances the hone is here deficient. The same condition 
lias been met with in. rfhe iliac fossa, wliertvihsorption of tlie thin bony plate has taken place. 

Variationif. — Some, of the auomalics met witJi in the haunch bone ai-e due to ossiticalioii of 
the. ligaments connected with it ; in otlier ca.ses they depend on errors of develo]uiieiit. Faibin* of 
union between the pubic and ischial rami has also liemi recorded. C.-ases liavi‘ occurred wlu*re the 
obturator groove lias been bridged across by bone, and one casi^ is noted of alwcuict* of the cotyloid 
iiotcli on the acetabular maipn. In rare\‘ases the os acetabuli (see OssilicatiiJii) reiiiaiiis' as a 
separate bone. 

Ossification eommences iu the ilium about the ninth week of intra-iiterine life ; 
about the foiuiih month a centre appears below the acetabulnin for the iscliinm. the pubis 
being ♦developed from a 
centre which appears in 
front of the acetabulum 
about* tjie fifth or sixtii 
mouth. At birth the fcii'iii 
of the jjiu^i is w^ell defined ; 
the body and part of tlio 
tuberosity of the ischium 
are ossified, as well as the 
hopzontal ramus and part 
of the body of tlie pubis. 

All three parts enter into 
the formation of the sides 
of the acetjjbulum, and by 
the th?l*d year have con- 
verged to form the bottom 
of that hollow, being 
separated from each other 
bj" a triradiate piece of 
cartilage, in which, about 
the twelfth year, independ- 
ent ossihe centres make 
their ap^anince, which 
may or may not become 
fused with the adjacent bones. In the latter case they unite to ferm an independent 
ossicle, the os acetabuli, which subsequently fuses with and forms the acejabplar part of the 
pubis. Ry the age of sixteen the ossification of tlie acetabiihim is usually completed, 
whilst the rami of the ischium and pubis commonly*iiiiite about the tenth year. Secondary 
centres, six in numbeTj make their appearance about the ag<^of puberty, and are found in 
the following situations : one for the anterior inferior iliac spine, one for thoiliac crest and 
the auteri^' and posterior superior iliac spines, a scale-like epiphysis over the tiitienpsity of 
the iscMnm, a separate ep for the spine of the ischium, (?) a point for th& jipinc 

and another for the angle of the pubis. Fusion between these and the primary centres 
is usually complete between the Uventy-socond and twenty-fifth years. 
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the false pelvis (i)elvi8 major), and serves by the expanded? iliac fosste to support the 
aMemiual contents; the part below, the true pelvis (pelvis minor) contains the 
pelvic viscera, and in the female forms the bony canal through whiolj, at full term, 
the foetus is expelled. 

The true pelvis is bounded in front by the body and rami of the pubis on either 



Kkl 158. — Male 1’ei.vis as seen khum the Fkont. 


side, with the sympliysis pubis in the middle line, laterally by the smooth inner 
surfaces of the ischia and ischial rami, together with a small part of the ilium 
below the iliac portion of tlie ilio-pectineal line. Springing from the posterior 
margin tif the ischium are the iiiturned ischial spines. Behind, the breud purved 
anterior surface of the sacrum, and below it, the small and irregular coccyx, form? 
its posterior wall. Between the sides of tlic sacrum behind, and the ischium and 



Fig. 1.59.— Fkmalb PKpis as si-jbn fbom the Front. 


ilium in front and above, there is a wide interv{=^Jl, called the sa^o^sOiatic 
^Mjhich.is, however, bridged across •iiT' the receuji condition by the ^eat and 
BJicro-sciatic ligaifients, which thus convert it intb two foramina, the Irf 
the spine«of the ischium — the great sacro-sciatic foramen, the lowey^ ahd 
below the spine, called the small sacro-sciajjic foj^amem 
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The inlet (apertura pelvis superior) of the pelvis is bounded iu front by the 
symphysis ^pubis, with the body of the pubis on either side; laterally by the^ilio- 
pectineal lines ; and behind by the sacral prominence. The circumference of this 
aperture is often called the brim of the pelvis ; in the male its sliape is cordate, in 
the female more oval. The antero-postenor or conjugate d^{ametcr is measured from 
the sacro- vertebral angle to the symphysis pubis; the oblique diameter from the 
sacro-iliac joint of one side to the ilio-pectineal eminence of tlie other ; whilst the 
transverse diameter is taken across tiie point of greatest width. 

The ratlet (apertura pelvis inferior) is bounded anteriorly by the pubic arch 
(arcus pubis), formed in front and above by the bodies of the pubis, with the 
symphysis between them, and the, inferior pubic rami below and on either side. 
These latter are continuous witli the ischial rami which pass backwards and 
outwards to the ischial tuberosities, which are placed on eitlier side of tliis aperture. 
In the middle line and behind, the tip of the coccyx projects forward, and in the* 
recent condition the iifterval between this and the iscliial tuberosities is bridged 
across by the great sacro-sciatic ligament, the inferior edge of which necessarily 
assists in detdtmining the shape of the outlet. 

As the anterior^ wall of the cavity, formed by the sympliysis pubis, measures 
from,lJ to 2 inches, whilst the posterior wall, made up of the sacrum and coccyx, is 
from 6 to 6 inches in length, it follows that the planes of the inlet and outlet are 
not parallel, but placed at an angle to eacli other. Tlie tenn axis of the pelvis is 
givem^to lines drawn at right angles to the centre of these planes. Thus, with the 
pelvis in its true position, when the figure is erect, the axis of Uie inlet corresponds 
to a4in^ drawn downwards and backwards from the umbilicus towards the tip of 
the coccyx below, whilst the axis of the outlet is directed downwards and slightly 
backwards, or downwards and a little forwards, varying according to the length of 
the coccyx. Between these two i-danes the axis of the cavity, as it passes tlirough 
planes of varying degrees of obliquity, describes a curve repeating pretty closely the 
curve of the sacrum and coccyx. • 

Position of the Pelvis. — The position of the pelvis in tlie living whoii^tho figure is 
erect»ma^bo approximately represented by placing it so that tlio anterior sufjorior iliac 
• spines and the symphysis pubis lie in the same vertical plane. Under tliese conditions* 
the plane of the inlet is oblique, and forms with a horizontal line an angle of from 50"^ to 
60‘\ The position of the pelvis depends upon the length of the ilio-fenioral ligtiments of 
•the hip-joint, being more oblique when these are short, as usually happens in women in 
whom the anterior superior iliac spines tend to lie in a plane slightly in advance of that 
occupied by the symphysis pubis. In cases where the* ilio-fcnj(jiral ligaftiont is long, a 
greater amount of c^heusion of the hip-joint is permitted, and this leads to a lessening of 
the obliquity of the pelvis. This condition, which is more typical of men, results in the 
anterior superior iliac spines lying in a plane slightly posterior to the plane of the sym- 
physis, whilst the angle forihed by the plane of the inlet and th^ horizontal is thereby 
reduced. Bearing in mind the oblique position of the pelvis, it will nm^he seen tlmt tlio 
front of the sacrum is directed downwards more t^n forwards, and*thkt thef sacral pro- 
montory is raised as much as from to 4 inchea above the upper border of the symphysis 
pubis, lying higher than the level of a line connecting the two anterior superior iliac spines.' 
From ithe maimer in which the sacrum articulates with the ilia, it will be poticed that 4he 
weight of the trunk is transmitted downwards through the thickest and stroiigqpt part of 
the bpri^ (see Architecture) to the upper part of the acetabula, where these rest on the 
heads of the femora. ^ ^ 

S^xtial piff 0 renC 6 S«^Ti|e fem^^ lighter in its cpiistructiori than that of 

the male ; its surfaces are smoother, and the indications of muscular attachments less 
marked. Its height is less and walls not so pronounced as hi the 

so that the female pelvis has been weH described as a short segment of a long ootie as 
tosted ^ith is a of a short cone. The ckvity of the 

tnaapeivisvhiytfe^ rooipayi ihiir 

pubic arohis admit a ri^t-angl^ 
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posterior inferior iliac spine is longer, measuring on an average* 50 mm. (2 inches) in t&e» 
female, as contrasted with 40 mm. (If inches) in the male. 

The inlet in the female is large and oval or reniform, as compared with tlm cribbed and 
heart-shaped aperture in the male. The sacro- vertebral angle is more pronounced in the 
female, and the obliquity gf the inlet greater. The sacrum is shorter and wider. The 
posterior superior iliac spines lie wider apart : the pubic crests are longer ; and the pubic 
spines are separated by a greater interval than in man. l^he outlet is larger; the tubero- 
sities of the ischia are faa.’ ap&rt ; and the coccyx dges not project forward so much. The 
curve of tlie sacrum is liable to very great individual variation. As a rule thip curve is 
more uniform in the male, wliilst in the female it tends to be flatter above and more 
accentuated below. There is a greater profiortionate width between the acetabular 
hollows in the female than in the male. Of much ftnportance from the standpoint of the 
obstetrician are the various diameters of the true pelvis. In regard to this it is worthy 
.of note that the plane of “ greatest pelvic expansion ” extends from the union between the 
second and third sacral vertebrje beliind, to the middle of the ijjymphysis pubis in front, 
its lateral boundaries on either side corresponding with the mid-point of the inner surface 
of the acetabulum; whilst the plane of “least pelvic diameter’^ lies somewhat lower, and 
is defined by lines passing through the sacro-coecygeal articulation, the ischial spines, 
and the lower third of the symphysis pubis (Norris). Subjoined is a table showing the 
principal average measurements in tlie two sexes : — ^ 



Males. 

Female.s. 

Maximum distance l)(*twceii the*, iliac. c.resLs 

Ill in., or 282 min. * 

10^ in., or 273 mm. 

Distance between the anterior sii 2 )ei*ior iliac. 
Sicilies 

9A in., or 240 inin. 

9:1 in., or 25(? mm. 

Distance hetweeu the last lunihar s])ine and 
the front of the symi>hysis inibis 

7 in., or 176 inin. 

7 j in., or 180 mm. 


True Pelvis. 


V 

Males. 


Females. 

r 

• t 

Inlet. 

Outlet. 

« 

Inlet. 

Cavity. 

Outlet. 


(Greatest. 

Least. 

An tero-jiosteric)r (con j u 
gate) diameter 

Oblique diameter . 

Transverse diameteV* 

t 

•1 ill., or 
101 min. 

in. or 
120 mm. 
5 iiL, or 
127 mm. 

ill., 01* 
95 niiu. 
3^ ill., or 
88 mm. 
3J^ in., or 
88 mm. 

4jt in., or 
110 mm. 
5 in., or 
125 mm. 
51 in., or 
J35 mm. 

5 in., or 
127 mm. 

4| iw., or 
125 mm. 

4ji in., or 
' no nuu. 

4^ in., or 

1 10 mm. 

4i in., or 
115 mm. 
4J in., or 
115 mill. 
4g in., or 

1 10 mm. 


Growth of the Pelvis. — From the cl.os<? association of the pelvic girdle witli the lower limb 
we find that its growth takes pVice coiicuiToiitly with the development of that member. At 
birth the lower limbs measure but- a fourth of the entire )>ody length ; consequently at that time 
the ])elvis 4 as.compared with the head and, trunk, is relatively small. At this period of life the 
bladder ip^ both sexes is in greatei* jiart an abdominal organ, whilst in the female the if terns has 
not yet sunk into tlie true pelvic cavity, and tlie ovaries and Fallopian tubes rest in the iliac 
fossic. Tlie sacro- vertebral angle, though readily recognised, is as yet but faintly marked. 
Coincident with the renfarkable growth of the lower limbs «aud the Assumption of the erect 
position when the child begins to walk, striking changes take place in the form and size of the 
pelvis, j These consist in a greater expansion of the iliac Iwmes necessarily Associated with the 
growth of the muscles whicli control tlie movements of the hip, togethci with a marked increase 
in tlie sacro- vertebral angle due to the develoj.vncnt of a Ibrwai^ lumbar curve ; at the same time, 
the weight of the I j’unk being thrown on the sacrum causes the elements of that bone to sink to 
a lower level between the imiominate bones. The caAdty ol^ the true pelvis increases in size 
lirojijortionally, and the viscera afare-meptioned now ibegin to sink down, and have assiimed a 
posiVou within the jjeIvis by the fifth or sixth year. .The extension of the thigjis iii the 
upright position necessarily brings about a more pronounced pelvic obliqiiity, whilst the etoutfiess. 
and thickncsi^of the ilium' over the ujiper part of the acetabulum is inuch increased; to withstand^':; 
the jM-essure to which it is obviously subjectetl Co^cideiit with, this is the gradual d«ydppment ; 
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of the iliac portion of the*ilio-pcctiiieal line, which serves in the adult to separate sharply the 
false from the true ne.lvis. This mrt ot‘ the hone, is remarkably strong, as luis been sho^'ii (see 

Architecture), aiKL serves to transmit the body 
weight from the sacrum to the thigh bone. Tlie 
sexual din’erenees of the 2 )elvi.s, so Jar a.s they 
rfder to the giMiera4 contiguration of this ])art of 
the skeleton, are us pronounced at the t bird or 
iburth month of ftntal lite as they are in the 
.‘uiull (Fehliiig, ^Ztsvlr^. f, (irburtsh. n. Gifiuid-^ 
Bd. ix. and x. ; A. Thomson, Joiirn. A nat. and 
Phififiol., vol. xxxiii. p. 1151)). The rouglnu* ap]U‘ar- 
ance of the male type is correlated with the 
move p()\vt*rful muscular (b'velojuuenl. 


The Femuk. 

The femur or thigh bone is reuiiirk- 
tible for its length, being tlie longest bone 
in the body. Superiorly the i’emorui' tin*, 
sejwated by the width of the jielvis. 
rnferiorly they articulate with the tibite, 
and ])atolh». In tlie military position of 
attention, witlt the knees close togetlier, 
tlui shafts of tlie tliigh bones occu])y an 
oblique position. Foif descriptive pur|)Oses 
the hone is divided into an ujiper ox- 
treiuity, comprising the liead, neck, and 
two trochanters; a shaft; and a lower 
extremity, forming the expansions known 
as the condyles. ^ 

Tlie head (caput femoris) is the hemi- 
spherical articular surface which, when 
coated with cartilage, fits into the acetab- 
ular hollow. Its pole is directefl upwards# 
and inwards and slightly forwards. A 
little below the summit, and#UBuaHy 
somewhat behind it, is a hollow oval 
j)it^ (fovea cajiitis femoris) i‘or the attach- 
ment of tlii^/ligamentum t^res. The cir- 
cumference of the*l*ead forms a lip with 
a wavy outline; more prominent above 
and behind than in front. The head is 
sujiported by a stout compressed bar of 
bone, the neck (collum teinoris)/ •which 
forms with the upper e&d of thb shaft an 
angle of about 125 degrees, and is directed 
upwards, inwards, and a little forwards. 
Its vertical width exceeds its anterp- 
Xiosterior tVijjkiieas, 
Constricted about its 
middle, it expands in- 
tefnally to support the 
beadr whilst externaUy,; 
where it joinU^ 
its vertical diaiu^ 
inuph 

tenorlY it ; & 
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wards and inwards. This constitutes the upper part of the spiral line (linea inter- 
trochanterica), and serves for the attachment of the ilio-femoral ligament, of the 

hip-joint. Posteriorly, where 

DiOlTAL FOSSA the neck unites with the 

Fossa for lio. tubes- - \ sliaft, there is a full rounded 

ridge passing from the tro- 
chanter major above to the 
trochanter minor below ; 
this is the posterior inter- 
trochanteric -line or ridge 
(crista intertrochanterica). 
A little above 'the middle 
of this ridge there is usually 
a fulness which serves to 
indiciite the upper limit of 
attachment of the quadratus 
femoris muscl^i and is called 
the tubercle for the auad- 
ratus. Externally the .neck 
is embedded in the inner 
surface of the trochanter 
major, by which, at its .upper 
and baok part, it is to some 
extent overhung. rHeKe is 
situated the digital fossa 
(fossa trochanterica), into 
which the tendon of the 
obturator externus is in- 
serted. Passing nearly hori- 
zontally across the back of 
the neck there is a faint 
groove leading ffito* this 
depression ; in this the 
tendon of the obturator 
externus muscle lies. In- 
teriorly the neck becomes* 
confluent with the tro- 
chanter ^minor behind, and 
is continuous with the inner 
surface of the shaft in front. 
The neck is pierced by many 
vascular canals, most numer- 
ous at the upper and back 
part. Some • are directed 
upwards towards the head, 
whilst others pass rin the 
direction of the trochantet 
major. 

The trochanter major 
is a • large quadrangular 
process which caps the upper 
and outer part of the shaft, 
and overhangs the root Of 
the neck above and behind. 
Its o%ter surfacf^^ of rounded 
irregular form/ slopes ^ 
wards and inw^u^ds, and^ 
separated d’roiii the external surface of the shaft below by a more /Or les^ 
zontal ridge. Crossing it obliquely from^ the posterior Superior tQ^t^e an^^ 
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inferior angle is a rough line wliich serves for the iusertiou of tlic gluteus medius 
muscle ; above and below this the surface of the bone is smoother and is overlain 
by bursae. ^The anterior surface, somewhat oblong in shape, and inclined obliquely 
from below upwards and inwards, is elevattd from the general aspec.t of tlie shaft 
below, from wliich it is separ- i 

ated in dront by an oblique line 
leading upwards and inwards 
to the tubercle at the upper 
end of the superior part of the 
spiral line. This surface serves 
for the insertion* of the gluteus 
minimus. The superior border 
is curved and elevated ; into it 
are inserted the tendons of the 
obturator internus and gemelli 
muscles within and in front, and 
the pyriforinis muscle above and 
behind. The posterior border is 
thipkand roun(ied,and forms the 
upper part of the posterior inter- 
trochanteric ridge. The angle 
fofmed by tlie superior and 
posterior borders m sharp and 
pointed, and forms the tip of 
the trochanter overhanging the 
digital fossa, which lies imme- 
diately below and within . its 
•inner surface. • 

The trochanter minor is an 
elevated pyramidal process 
situated at the back of the inner 
and»i;ipjfer partof the shaft where 
that becomes continuous with 
the lower and posterior part of 
the neck. Confluent above 
* with the posterior intertro- 
chanteric ridge, it gradually 
fades away into tbe back of the 
shaft below. The combined tendon of the ilio-psoas is inserted into this process 
and the bone immediately below it. 

The Bhaffc (corpus femoris), which is clmracterised by its greRt length, is cylin- 
drical in form. As viewed from the front, it is straight or but slightly curwed; as 
seen in profile, it is bent forwards, the curve being most prondhnbed ift its upper 
part. The shaft is thinnest at some little distance above its middle; below this it 
gradually increases in width to support the condyles jnleriorly ; its antero-posterior 
diameter, however, is no much increased below. . Its surfaces are generally smooth 
and rpiihded, except behind, where, running longitudinally down the denitre of its 
curved posteiior;afipect, there^ a rough-lipped ridge, the linea aspera (linea aspera). 
Most salm^^ of the shaft, the linea aspera consists of an inner 

lip (ikbium^^:^ laterale), witR a narrow intervening 

rough j^hove, ab^^ 2 to 2 J inches from the trochanter minpr, the iiuea 

aspera^ifl formed by t^^^ three linesi. Of these the outer is a 

spmewiiat eiovatcdi 4d^ commences above, on i^he back of the shaft> external • 

1K) mth the continuous belbw 

the Put^iip^Jthe ini^rtfon of 
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the neck from tlic shaft anteriorly (see ant^. Tiie whole constitutes what is^known 
as thc^spiral line, and extends from the fore and ui)i:)er part of the trochanter minor 
above to the linea aspera below. Intermediate in position between tin? spiral line 
in front and internally, and the gluteal ridge externally, there is a third line, 
the pectineal line (linea jjcc tinea), which passes down from the trochanter minor 
and fades away inferioriy into the surface between the two lips of the linea aspera. 
Into this the pecjtiueus^mus^le is inserted. About the junction of the middle with 
the lower third of tlie* shaft the two lips of tlie linea aspera separate, from one 
another, each passing in the direction of the condyle of the corresponding side. 
The lines so Ibrmed artj called the inner and outer epicondylic lines respectively, and 
enclose l)etween them a smooth triangular aiw corresponding to the bi|ck of the 
lower third of the shaft ; this, called the popliteal surface (planum popliteum), forms 
the tioor of the upper part of the popliteal space. Tiie continuity of the upper part 
of tlie internal epicondylic line is but faintly marked, being Interrupted by a wide 
and faint groove along wliich the popliteal artery passes to enter the space of that 
name. Below, where the line ends on the upjier and inner surface of ^the internal 
(jondyle, there is a little spur of bone called the adductor tubercle, to which the 
tendon of the adductor magnus is attached, and behind which the inner head of the 
gastrocnemius muscle takes oi'igin. # 

Tlie linea aspera affords exteiisH^i*. linear attacliiuejits l*o many of tlie muscles of the thigh. 
The vastus iuteriius arises from the spiral line above and the inner lip of the linea aspera below. 
The adductor longiis is inserttd into the inner lip alxnit tlie middle tliird of the length of the Khaft 
The adductor magiiiis is niserted into the intermediate j>art of the lini.^, e.xi.ending as high as the. 
level of the trochanter miiKjr, where it lies internal to the insertion of the gluteus inaximus. 
l.ielow, its insertion passi\s*bu the internal e])icoiidylic ridge, reaching as low as the acldtictor 
1 ubercle. The adductor hrevis muscle is inserted into the linea aspera above, between the pec- 
tiiieus and {idductor longus muscles internally and the adductor magnus externally. Below tins 
insertion of the gluteus maximus the short head of the bicejis arises from the outer lip as well as from 
the external epicondylic liiiii ; in front these also serve for the origin of tluj, vastus extemus muscle, c 

The canals foi* the uiitrient arteries of the shaft, which have an u^iward direction, are usually 
two in numher, and are jihujiul on or near the linea iispera — the upper one al)Out the level of tlfe ' 
Junction of the middle and U2)pc?r tliird of the hone, the lower some three or four inches below — 
usually on IheVinnor side of ilie shaft, immediately in front of the inner lip of the linea asjiei’a. 

« The IVoiit and lateral aspects of the shaft are covered by, and iurnish surfaces 
for, the urigins of tlie \'asti and crureus muscles. 

The lower extremity of the femur comprises the two condyles. These are two 
recurved procjcsses (»f bone, each provided with an articular surface, and separated 
beliind l>y a deep intercondylic notch.* United in front, where tlieir combined 
articular surfac^^s forni an area on which the patella rests, the two condyles differ 
from each other in tlie tbllowing respects : If the shaft of the bono'lje held vertically, 
the internal condyle is seen to reach a lower level than the external ; but, as the 
femur lies oldiquely in the thigh, the condyles are so placed that their inferior sur- 
faces lie in the sanie horizontal plane. Viewed from below, the internal condyle is 
seen to die the narrower and shorter of the two. The external condyle is broader, 
and advances further forward and higher up on the anterior surface of the shaft. 
Idle intercondylic notch (fossa intercontlyloideti) reaches forwards as far as a trans- 
verse line draAvn throiigli the /centre of the external condyle. Its sides are formed 
by the inner and outer surfaces of the outer and inner condyles respectively, tlie , 
latter being* more deeply excavated, and displaying an oval surface near iljp lower 
and anterior part for the attachment of the posterior crucial ligament of the knee- 
joint. Placed high u]^, on the posterior part of the inner surface of the external 
condyle, there is a corresponding surface for the attachment of the anterior crucial 
ligament, ddie iloor of the notch, which is pierced by numerous yascular canals, 
slopes upwards and backwards towards tlie popliteal surface, on the back of the 
shaft, from which it is separated by a slight ridge (linea intercondyloidea) to wl?ich 
tlie posterior part of the capsule of the knee-joint is attached. - ^ 

The cutaneous aspect of each condyle (i.e. the outer surface of the external 
cond^yle 'find the inner surtace of the* internal condyle) presents ah elevated Yough 
surlVice, called the tuberosity (epicondylus), that of the Ibteiiwd (epicfondylu^ 
medialis) being the more pronounced and outstanding from the line of the shaft; 
capped above by the adductor tubercle, it agbrds mttaehmen| near 
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rninenl* point to the fibres of the internal lateral ligament of the knee-joint. The 
external tuberosity (epicondylus lateralis), less pronounced and lying more in line 
with the outer surface of the shaft, is channelled behind l»y 
a curved groove — the lower rounded lip of which serves to 
separate it from the inferior articular surface. This groQve 
ends in front in a pit which is placed just below the most 
salient point of the tuberosity ; hereto is attached the tendon 
of the popliteus muscle, which overlies the lower lip oi tlu^ 
groove ki the extended position of the joint, but slips into 
and occupies the groove when the joint is flexed. Behind 
the most i)rominent part of the ei^ternal 
tuberosity) and just above the pit for the 
attachment of the popliteus, the external 
lateral ligament of tlie knee-joint is 
attached, whilst superior to that tliere 
is a circumscribed area ior the origin of 
the tendinoiJfe part of the. outer head of 
the gastrocnemius muscle. 

^"he articular surface on the lower ex- 
tremity is divisible into three parts — 
that which corresponds to the inferior 
surfi^ce of the shaft and which is formed 
by the coalescence the two condyles 
in ^roQt, and those which overlie the 
under and hinder aspects of each of those processes. The former is se})aratiid from 
the latter by two shallow ol)lique grooves wliich traverse the articular surface 
from before backwards, on either side, in tluMlii'cction of the anterior part of the 
•intercondylic notch.* These furrows are the iiiipresHions in which lit the f()iH>])a.rts 
of the internal and external semilunar cartilages of the knee-joint respecifiviily when 
the knee-joint is extended, The anterior articular area or trochlea (facies patellaris) 
is adapted for articulation with the patella. Convex Irom above d<^wuwar(]s, it 
disjdaytTa broad and shallow central groove, hounded on either side by two sligditly 
convex surfaces. Of the two sides, the external is the wider and more lu'ominenl 
and rises on the front of the bone to a higher level than the internal. 'J'he 
condyloid or tibial surfaces are convex from side to side, and convex from 
before backwards. Sweeping round the untier surface and posterior extremities of 

1 1 le condyles, they describe 
a*tq:)iral curve more open 
in front tlian behind. 
The inner condyloid arti- 
cular tfurface is narrower 
' than the.outer, atyl when 
viewed from ImdIow is also 
seen to descril>e a curve 
around a vertical axis. 
The articular .surface of 
the external • cgndyle is 
inclined obliquely from 
before backwards and 
slightly outwards. TjKc 
surfaces of the condyl<^ 
above the articular are4 
ppsteripf% superiorly with the popliteal surface of the shaft 
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the gieat trochanter. The nutrient arteries for the shaft pierce the hone on or near tiie linea 
asi^era. ^ Both back and front of the lower end of the shaft di.splay the openings of numerous 
vascular canals, and the Hoor of tlie iiitercondylic notch is also similarly pierced. * 

Connexions. — The femur articulates with tlieosinnoininatiini above and the tibcaand patella 
below. The external surlace of the great trochanter determines the point of greatest hip width 
in the male, being covered only )jy the skin and superficial fascia and the aporieui*otic insertion of 
the gluteus maximus. In the erect jjosition the tip of the trochanter corresponds to the level of 
the centre of the hip joint. When the thigh is flexed the trochanter major sinks under cover 
of the anterior fibres of the^glutfcus maximus. In w’^oinep the hip width is usually greatest at 
some little distance below the trochanter, due to the accumulation of fat in this region. 'The 
shaft of the bone is surrounded on all sides b}'^ muscles Its forward curve, however, isf account- 
able to some extent for the fulness of the front of the thigh. The exposed surfaces of the condyles 
determine to a large extent the Ibrm of the knee. In flexion the articular edges can easily be 
recognised on either side of and below' the patella. * * 

Architecture. — The .shaft has a medullary cavity which reaches as high as the root of the 
spiall trochanter. Interiorly it extends to within 3.^ inches of the lower articular surface. In 
tlie U])per half the (uiter comj)act wall is very tliick, but behnv the middle of the shaft it 
gradually thins until it reaches lire condyles inferiorly, over Avhich it ^pisses a.s a thin, hardly 
definable external layer. Above, it is especially thick along the line of the linea aspera, and 
here the large iiutrient canal may be seen iiassing obliquely upwards in the sip^stance of the 
dense bone for the S)»ace of two inelies. In the upper end of the shaft the osseous lamellae 
springing from the sides of the medullary cavity arch inwai-ds tow'^ards the centre, intersecting 
Ci'ich otii(.‘r in a manner comparable to t he tracery of a Gothic wiTidow\ The lower wall of the 
ntick is thick b(jlow, near the trochanter minor, but thins rapidly befoT*e it reaches the liead. 
From this aspect of the iieck ther<^ fipring a series of oblicpie lamelhe which pass upwards and 
inw^ai'ds, si^reading in lan-sliaped manner into the niider surface of the head. These are 
intersected above by laitiellai which arch inw'aids from the outer side of the shaft belov.’’ *the 
great troclianticr, as w^ek as fi*om the under surface of the thin but cony>act outer shell of the 
upper surface of the luick, the whole iV)rming a bratiket-like aiTangement Avliich assists mg,terially 
in adding to the strength of tlie neck. Further supnort is given by the addition of a spur of 
dense bone wdiicli springs from the inner surface of tiie under side of the neck, just in front of 
and above the tro(ihantcr minor : this is called the calcar femorale. From it stout lamelhe having 
a V(;rtical direction arise. The siiongy tissue of the head and great trochanter is finely 
reticulated, tliat of the low'ivr ]uxrt of tlie neck and upper part of the shalj being more open in its. 
texture. Pfwsing vcu't-icially denvn wards through this tissue there is a vascular t^anal, tne orificcy 
of which opens externally on the Hoor of the digital fossa. ^ 

The spongy tissue of the low'cu* part of j/he shaft is more delicat-e and uniform in its 
arrangement, ciisyilaying a or less jiarallel striation in a longitudinal direction. Subjacent 
to the articuilar surfiice the tissue is l•etldcred more compact by tlie addition of lamellsef disposed 
fii curves in harmony with the external aspect of the bone. 

Variations. — ^Absen(‘-e of the j»it. on the heaxl of the femur for the attachment of the 
Jiga'ment.um teres has been rei'ordt^tl. This corresponds wdth the condition met with in the 
oi*ang. Not infreqmuitly tlu*re is an extension of the articulai* surface of the head on to the fore 
and ujiper asyicct oJ‘ the neck ; t his is a “ caused by the contact of the iliac 2>ortion ' 

of the acetalnilar maigiii with the neck of the bone, wdien t he limb is maintained for long jieriods 
ill the flexed position, asjp tailors, and also in those races wdio liabitually squat (Lane, Jourti. 
Anat. and Physiol., vol. xxii. j). (>00). ** 

The occuiTence of a trochanter tertius has been already referred to. Its presence is not con- 
fined to individuals of powerful jihysiqiie, but may occur in those of slender build, so far 
suggi'sting that it is ivot to lie regarded merely as an indication of excessive muscular develop- 
ment. Th«» observations of Dixon {Jo urn. Anat. and Fhys-iol, vol. xxx. p. 502), wdio noted the 
occurreiflte of a seiiarate (*])iphysis in three, cases in connexion with it, seem to |)oiut to its 
possessing some morjitiologi cal. sign itieance. 

Occasionally the gluteal ridge may lie replaced by a Jiollow, the fossa hyi}otrocliant.erica, or in 
some cases the tw^o may co-exist. 

Tlie angle of tlu^ neck is moib oyien in tlie child than in the adult, and tends to be less 
w’hen the*, leiporai length is short and the jielvic width great — conditions which particularly 
appertain /to the feinah*. There is no PAddeiice to .show^ that after growth is comp^pted any 
alteration ‘takes place ill the angle with advancing years (Humxdiry). 

liie curvature of the shaft may undergo considerable variations, and the appearance of the 
jiosterior surface of the hone may be modified by an absence of tlie Ipiea aspera, a condiiiou 
resembling tliat seen in apes ; or' by an unusual elevation of tlie bone Avhich supports the rid^ ; 
(femurd jdlaslre), |)rodiiced, as Manouvrier has suggested, by the exce.ssive (development of tne 
muscles here attached. 

Under the term ^^’plalinuorie^ Manouvrier describes an aiitero-p()stelrior cbmxiressibn of tlie 
uplier ])art of the shaft, frequently met with iif the femora of pivhistoric races. v ^ 

Ossification* -“ "'J'lie shaft begins to ossify early in the siDcond mouth of foetal life, ati(l at 
birtli ditqflays eniargepieiits at both ends, which are capped with cartilage. If the inferior 
cartiiaginous end be sficed aw^ay, a small ossific nucleus ter the inferiSr epiphysis ' 

be seen. Tlfls, as a rule, makes its appearance tow^ards the latter end Of the ninth imonth 
of foetal life, and is of .service from a medico-legalji.standpoint in determining th&i^o of ^ 
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foDtu^. According to Haiftman, it is absent in about 12 per cent of children at term, and 
may appear as early as the mAnf.K r%f fmfoi i;f« ill 7 riAt* ciia'iAi*irki* 


extremity, entirely carti 
laginoiis at birth, comprise 
the head, neck, and tre 
chanter major. A centr 
appears for the head diiriiij 
the early pai't of the firs 
year. IJmt for the tre 
chanter major begins t< 
ossify about the second o 
third year, whilst 'the necl 
is developed as an upwan 
extension of the shaft, wliicl 
is, .however, not confiuc>^l t 
the neck alone, but forms th 
lower circumference of th 
articular heaif, as may b 
seen in bones up to the ag 
of tj^elve or sixteen ; afte 
that, the sepirate epiphysi 
of the head begins to ovei 
lap it^ so as to cover it en 
tirely when fusion com 
plete at the age of eighteei 
or tweiiiy. 



The epiphysis of the grea 
trochanter unites with th ■A** hirtli. 


I'Nisrs with Hliiifl iihoul a0*22 ynar»» 
About 12 yeaix, 16 years. 


shaft and neck about eigh li'*- i«''- nu.....r,,.,n.,>v. i, 

Seen or nineteen, whilift the 

epiphysis for the trochanter minor, which usually makes its appearance about flie twelfth 
or thirteenth year, is usually completely fused with the shaft about the age of eighteen. 
'Phe epiphysis for the lower end, although the first to ossify, is not completely united to 
the shaft'^mtil from about the twentieth to the twcuty-second year. It is worthy of note. 
• that the line of fusion of the shaft and inferior epiphysis passes through the adductor 
tiibercle, a point which can easily bo determined in the living. . , 


Thr Patella. 

The patella, tli^ largest of the sesamoid bones, overlies the front of the knee- 
joint in the tendon of the quadriceps extensor. , Of compressed form and somewhat 

triangular sluipe, its 
bwtr angle projects 
downwards and forms 
a p6al{, called the apex 
(apex patellee), whilst 
its upper edge, or base 
(basis pateilfiB), broad, 
thick, atMf sloping 
forwards and' a fittle 
downwards, is (^yided ' 
into two areas by a; 
transve^sh pir; 
groove} tbe^^ a^ 
area' sp-;:/ 
serves for the attiteb*? : 
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attachment of the vastus iiiternus being more extensive than that of the vastus 
extermis. The anterior surface of the bone, slightly convex in both diameters, has 
a fibrous apj)earance, due to its longitudinal striation, and is pierced li^e and there 
by the openings of vascular canals. The posterior or femoral articular surface is 
divided into two unequal parts (of which the external is the wider) by a vertical 
elevation which glides in the furrow of the trochlear surface of the femur, and in 
extreme flexion passes to occupy the intercondylic notch. The outer of the two 
femoral surfaces is sHghtiy concave in both^its diameters; the inner, though 
slightly concave from above downwards, is usually plane, or somewhat conv» 3 x trans- 
versely. Occasionally, in the macerated bone, indications of a third vertical area 
are to be noted along the inner edge of the internal aspect. This defines the 
part of the articular surface wliich rests on tlie border of the internal condyle in 
extreme flexion. 

Below tlie femoral articular area the deep surface of the apex is rough and 
irregular; tlie greater part of this is covered by synovial' membrane, the liga- 
mentum patelhe being attached to its summit and margins, reaching some little 
distance round the l)orders on to the anterior aspect of tliis part of tl/e bone. 

Architecture. — Tin;* Ixnu* consisliH of a thick layer anteriorly, whic-li thins towards the 
(‘dges on fiitlinr side and helow ; ahov(^, it corresponds to the arefi of ilisertion of the (piadiCceps. 
Th(^ femoral articular siirlaco is c()r ij)osed of a layer of compact hone, thickest in corrcspondenc-e 
with the vin'tical elevation. Sandwiched between tliesc two layers is a vaiying thickness of 
spongy tissiui of fairly close*, grain, the striation of whiejh on cross section runs in ])arallel lines 
from l)a<;k to fiont ; oji vei-tical section the tissue? ap])ears to he arranged in lines ])assing radially 
fre)m the deep surface of the femoral area to the more? extensive anterior elieuse plate. 

Variations. — Cases of cemgeuital ahsence of the j)atella have been recorded. « • 

Ossification. - -The patella is laid down in cartilage about the third month of fmtal 
lif(3. At birth it is cartilaginous, and the tendon of the cjuadriceps is continuous with 
the ligamentum patellfc over its anterior surface, and can easily be dissected 
About tlic,.. third j'^oar an fjssihe cejitre appears in it and spreads* more particularly over 
its deeper surfac<i. Ossifiesation is usually completed by the age of puberty. 
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„ The Tibia. 

» 

The tibia is the inner bone of tlie leg. It is much stouter and stronger than its 
neighbour tlie fibula, witli wliudi it is united above and below. By its superior 
expanded extremity it supports the condyles of the femur, while inferiorly it shares 
in the formation of tlie ankle-joint, articulating with the upper surface and inner* 
side of the astragalus. . 

The superior extremity (comprises the inner and outer tuberosities, the spine, 
and the tubercle. Each tubei'osity is provided on its upper aspect with an articular 
surface (facies articularis superior), which supports = tlie corresponding femoral 
condyle, as well 'ixs, the interposed semilunar cartilage.* Of these two condylic 

surfaces, the inner is 
the larger; of oval 
shape, its long axis 
is placed antero-pos- 
teriorly. Slightly 
concave from before 
backwards and from 
side to sijde, its cir- 
cumference . rises in 
the form of a shar];> 
andSvell-defined edge. 
^The outer condylic 
surface is smaller o.tid 
rounder. Slightly 
concave from side; to 
Sside, and 

vex from •before liackwards, its circumference- is well \iefined ; in front, but is 
rounded off behind, thus markedly increasitig thie convexity of its pds^nor 
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Betwee^i the two oondylic surfaces the bone is raised in 
spine (eminentia intercondyloidea), the summit of which is 
either side by tubercles which spring 
from and afe formed by the upward 
extension of the neighbouring con- 
dylic areas. Of these tubercles the 
in7ier (tuberculum intercondyloid- 
eum mediale) is the Jiigher, and 
longer ip an antero-posterior direc- 
tion, the outer (tuberculum iiiter- 
condyloideum kterale) being more 
pointed and not so elevated. In 
front and behind the spine the 
articular areas are separated by two 
iriegular V -shaped ^ surfaces, the 
intercondylic fossss. The anterior 
fossft (fossa • intercondyloidea an- 
terior), the larger and wider, fur- 
nishes areas for the attachment of 
the* semilunar cartilages on either 
side, and for the anterior crucial 
ligament immediately in front of 
the spine. The flcjpr of this space 
is gierged by many nutrient fora- 
mina. The posterior intercondylic 
fossa j(fossa intercondyloidea pos- 
terior) is concave from side to side, 

•find slopes downwajds and back- 
wards. The external semilunar 
cartilage is attached near its apex 
to a surface which rises on to the 
bac^f ofr the spine; the internal 
semilunar cartilage is fixed to a 
groove which runs along its inner 
edge, and the posterior crucial liga- 
' ment derives an attachment from 
the smooth posterior rounded surface. 

The external tuberosity (condylus 
lateralis) is the sihaller of the two. 

It overhangs the shaft to a greater 
extent than the exteriyil, though 
this is obscured in the living by its 
articulation with the fibula. The 
facet for the fibula, often small and 
indistinct, is placed postero-exter- 
nally on the under surface of its 
most projecting part. Antero-exter- 
nally flfie imprint caused by the 
attachment of the ilip-tibial band is 
often 4uit4 dw^^^ JChe piroum- 
ference Pf the m tuberosity 
(condymi m^m^lis) is gropyed pos- 
terp-ititern^ly for the inseftioti of 
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and covered by a bursa, while the lower, part is rough and^‘ serves for thecattach- 
liient pf the ligamentum patellte. 

Considered in its entirety, the upper extremity of the tibia is broader trans- 
versely than antero-posteriorly, and is inclined backwards so as to overhang the 
shaft posteriorly. 

The shaft (corpus tibia3) is irregularly three-sided. It is narrowest about the 
junction of its middle and^, lower thirds, and expands above and below to support 
the extremities, liunning down the front of the bone, there is a gently-curved 
prominent margin confluent above with the tubercle, but fading away inferiorly on 
the anterior surface of the lower third of the bone, where it may be traced in the 
direction of the anterior border of the internal nialleolus. This is the crest or shin 
(crista anterior), which is subcutaneous throughout its entire length'. To the 
inner side of this is a smooth, slightly convex surface, which reaches as high as the 
internal tuberosity above, and inferiorly becomes continuous with the inner surface 
of the internal malleolus. This is the internal or m'be.uianeous surface (fa6ies 
medialis) of tlie shaft, which is covered only by skin and superficial fascia, except 
in its upper fourth, where the tendons of the sartorius, gracilis, and s^mitendinpsus 
muscles overlie it, as they pass towards their insertions. This surface is limited 
posteriorly by the internal border (margo medialis) which passes from the inner „and 
under surface of the internal l^iberosity above to the hinder border of the internal 
malleolus below. This border is rounded and indelinite above and below, being 
usually best marked about its middle tliird. To the outer side of the tibial crest is the 
external surface of the bone (facies lateralis) ; it is limited beliind by a straight vertical 
ridge, the crista interossea, to which the interosseous membrane, which occupies the 
interval between the tibia and the fibula, is attached. This ridge commences above, 
near the middle of the outer and under surface of the external tuberosity, and 
terminates below about two inches above the lower extremity by dividing into two 
lines, which separate and enclose between them the surface ^ for articulation with 
the lower tnd of the fibula, and the area of attachment of the inferior interosseous 
ligament, which here unites the two bones. In its upper two- thirds the external 
surface provides an extensive origin for the tibialis anticus. Inferiorly, where the 
tibial crest is no longer well defined, the external surface turns forward 6n te the 
Vront of the shaft, and is limited inferiorly by the anterior margin of the inferior 
articular ^surface. Over this the tendon of the tibialis antkjus, and the combined 
fleshy and tendinous parts of the extensor proi)i’ius hallucis and extensor com- 
munis digitoruni muscles pass obliquely downwards. The posterior surface (facies 
posterior) of the shaft lies between the interosseous ridge externally and the in- 
ternal border on the inner side. Its contours are liable to coii^iderable variation 
according to the degree of lateral compression of the bone. It is usually full and 
rounded above, and flat below. Superiorly it is crossed by the oblique or popliteal 
line (linea poplitea), which runs downwards and iiiwarcjs, from the fibular facet 
above, todhe infernal border on a level with the junction of the middle with the 
upper third of the "shaft. To this line, as well as to the internal border for some 
distance below it, the soleus muscle is^attached. Into the bulk of the triangular 
area above it the popliteus muscle is inserted. Arising from the middle of the 
popliteal line .there is a vertical ridge, which passes downwards and divides the 
posterior, aspect of the shaft into two surfaces — an external for the tibial origin of 
the tibialis posticus muscle, and an internal for the flexor longus digitorum muscle. 
The inferior third of this surface of the shaft is free from muscular attachments, 
but is overlain by the^endons of the above muscles, together with that of the flexor 
longus hallucis. A large nutrient ctiiial, having a downward direction, opens on the 
posterior surface of the shaft, a little below the j)opliteal line and just external to 
the vertical ridge which springs from it. 

The inferior extremity of the tibia* displays an eipanded quadrangular form. 
It is furnished with a saddle-shaped articular surfaxje on its under surface (facies 
articujaris inferior), which is concaye from before backwards and slightly convex 
from side to side. " This rests upon the superior articular surface of the bp&y of the 
astragalus^ and is hp^iided in front and behind by well-defined borders.; ^ 
anterior border is the rounder and thicker, |,nd is oftentimes channelled by a grw 
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for .the«attaohment of fhe anterior ligament of the joint: further, it is occasionally 
provided with a pressure facet caused by the locking of the bone against the neck 
of the astrj,galu8 in extreme flexion. Externally the edge of the articular area 
corresponds to the base of the triangle formed by the splitting of the interosseous 
ridge into two parts. Where these two lines join it, both in front and behind, the 
bone is elevated into the form of tubercles, in tlie hollow between which (incisuiu 
fibularis) the lower end of the fibula is lodged, being hold in pasition liy powerful 
ligaments. The cartilage-coverell surface occasionally eitends for some little 
distancep above the base of the triangle. Internally there is a down-projecting 
process, called the internal malleolus (malleolus medialis), the inner aspect of whicli 
is subcutaneous and forms the projection of the inner ankle. Its external surlace 
is furnished with a pyriform facet (facies articularis malleolaris), confluent above 
with the cartilage -covered area on the interior extremity of the shaft; thi^ 

S ' * 3 ulate 8 with a corresponding area on the inner surface of the body of tlie 
agalus. Inferiorly the malleolus is pointed in front, but notched behind for 
the attachment of the internal lateral ligament of the ankle, liiinuing obliquely 
along the jJbsterior surface of the malleolus there is a broad groove (sulcus 
malleolaris) in whicli the tendons of the tibialis posticus and flexor longus 
digitorum muscles are lodged; whilst a little to tlie fibular side of this, and 
running downwards over the posterior surtaco of the lower extremity of the bone, 
there is another groove, often faintly marked, for the lodgment of tlie tendon of 
th^. flexor longus hallucis muscle. The proportionate length of tlic tibia to tlie 
body height is as l*is to 4‘32-4-80. • 

Artftrial Foramina. — ^Nutrieut canals arc seen piercing the upper extremity of the hone, 
aruiind its cireiunference and above the tubercle. The lloors of the intercunilylic fossa; are also 
similarly pierced, and there is usually a canal of large size opening on tin; summit of the spine. 
Two or three foramina of fair size are seen running upwards into the Buhstam;ti of the l>oue a lil.tle 
below and to the inner side of the tubercle, while tlie principal vessel for tin; shaft passes down- 
*wards into the bone oif its postei’ior surface, about tlie level of the jumition of tl^i upper atul 
middle thirds. The inner surface of the inteiiial malleolus, as well as the anterior and postei’ior 
borders of the inferior extremity, are likewise pitted by the orifices of small vascular channels. 

Oonnexions. — Superiorly the tibia siqiports the condyles of the femur, and i^» connected in 
front wiA the patella by means of the piitellar ligaimint. Articulating externally witli the 
fibiifa above and below, it is united to that l»one throughout nearly its entire length by the iuteie 
osseous membrane. The crest and internal surface can be readily examined, as they are sub- 
cutaneous, except above, where the internal surface is oveidaiu by tlie tliiu tendinous ji^noneuiposis 
of the muscles passing over the inner side of the knee. The form of the lower jiavt of the knee in 
I front is determined by the tuberosities on cither side crossed mesially by the iigameutum patella;. 
Inferiorly the intenial malleolus forms the projection of the inner ankle, whi(;h is wider, not so 
low, less pointed, and placed in advance of the prajection of tlie oii^er ankh* The Iront and 
back of the lower ei^ of the hone are crossed by tendons, which mask to a certain extent its 
form. 

Architecture. — The shaft of the bone is remarkable for the thickness and density of tlie 
osseous tissue which underlies the crest The posterior wall is stout, l>ut the internal and 
external walls ai^ thinner, *The .several walls are thickest opjiosite the^middlo of the shaft, and 
thin out above and below where the shaft unites Muth the epiphyses. Tlili inedulJafy canal, 
naiTow and cironlar in the middle of the lione, increases in all its diameters* abovif and Mow, 
and reaches to within 2^ to 3 inches of either ^^^tremity. Superiorly the arrangement of 
the lamelliB of the spongy tissue resembles a series of archtw Hjiringing from the dense outer walk 
These form a platform on wdiicli the superior epiphysis rests, tlie spongy tissue of which displays 
a moresor vertical striation. This is much more coiiqiact under the cfindylic ^uifaces, the 
superficial aspect of which is ibrmed by a thin layer of dense Iwme, The spine and tubercle are 
ahio forrfed of compa^it tissue, whilst the circumference of the tuberosities is covfired by a 
thiiiner and less dense wall. In the lower end of the shaft the spongy tissue, of a loose aiid 
cellular charactor^ is aiTanged in vertical fibres, blending inferiorly witji the closer tii^ue of the 
inferibv^iphysk the articular sitirface of which is covered by a thin but dense layer. 

In the adult bone the nutrient caiial for the shaft is emb^lded in the dense posterior wall fpir 
thespajpe;‘of two: iiiphea. ■ 

tttiia is often unduly latcmlly conipreased, leading to an in^isasc ■ in its < 
anterii-posterior diameter as eosnpar^ ^ width. This condirioit ft more 

<»ii®aidhly-^ m^^^ in the bones of preSi^ than in modem Europeaik 

Aikhtidh to^^hfe by Buskj who named 

platycnsmia. The jgeiteial ap]^ ream that seen in the ape^daftil 
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base on wliicli tlie lemur can move. Such platycnemic tibiie arc occasionally met wit^i in the 
more higlily civilised races, and are, accoming to Manouvrier, associated with habits of great 
activity among the inhabitants of rough and mountainous districts. 

Another interesting condition is one in whicli the upper extremity is more strongly recurved 
than is usuaL This retrovei’sion of tlie head of the tibia was at one time supposed to represent 
an interjiiediate condition in^ which the knee could not be fully extended so as to bring the axis 
of tlie leg in line wit;h the thigh ; but such opinion has now Ixien ujiset by the researches of 
Manouvrier, who claims that it is the outcome of a habit not uncommon amongst peasants and 
countrymen, viz. that of walkiivg habitually with the knees sliglitly bent. 

Habitual posture also ‘leaves its impress on the forh'i of the tibia, and in races in which the 
use of the chair is unknown, tluj extreme degree of flexion of the knee atid ankle necessitated by the 
adoption of the squatting position as an attitude of habitual rest is associated with an increase in 
the convexity of tlie external condylic surface, and the appearance, not infrequently, of a iiressure 
facet on the anterior border of the lower extremitv, wbich rests in that position pn the neck 

of the astragalus. Oases of congenital 
absence of the tibia Jiave been fre- 
quently described, amongst the most 
recent being tCiose recowled by Clut^:.n, 
.Joachimsthal, Bland Sutton, and Waitz. 

Ossification. — Tiie shaft begins 
to ossify early in the second month 
of intra-uterine life. At birth it is 
well formed, and capped above*' and 
below by pieces of cartilage, in the 
iijiper of which the centre for ^thc 
superior epiphysis has already usually 
made its appdarance. From this 
the tuberosities and tubcA'cld are 
.developed, thougli sometimes an 
independent centre for the latter 
appears about the eleventh or twelfth 
years, rapidly joining with the already 
well - developed mass of the rest of 
the epi[)hysis. Complete fusion be- 
tween the superior epiphysis and the 
shaft docs not take place «cint4 the 
twentieth or the twenty-fourth year. 
The centre for the lower articular 
sui^acc afld the internal malleolus makes its appeai’ance about the end of the second 
year, and union with the shaft is usually complete by the ago of eighteen. Lambertz 
notes the occasional presence of an accessory nucleus in the malleolus. 


The Fibula. 

The fibula, or ‘pepneal bone, is a slender bone with two enlarged ends. It lies 
to the puter side of tlie tibia, with which it is firmly united by ligaments, and nearly 
equals that bonft ih length. 

The first dilliculty wliicli the student has* to overcome is to determine which is the upper and 
which the lower exi-remily oJ' th'i hone. This can easily he done by i-ecognising the fact that 
there is a dtei) pi^ on the inner aspect of the lower extremity iminediately behind the triangular 
articular {jurfjice. Holding the bone veiiieally with the lower extremity downwaids and so 
turned that the triangular articular area lies in front of the notch already spoktfii pf, the 
subcutaneous non-articular aspect of the inferior extremity will point td the side to which the 
bone belongs. 

The superior extremity or head of the fibula (capitulum fibulae), of irregular 
rounded form, is bevelled on its inner surface so as to adapt it tt> the form pf the 
under surface of the external tuberosity of the tibia. At the bolder, where this 
surface becomes confluent with the outer aspect of the head, there is a poip^Sd 
upstanding eminence called the styloid process (apex capituli fibulae) ; to this the; 
shpft ^external lateral ligament is atjiached, as well asV piece of the tendon of the 
biceps^ which is inserted into its fore-part. Imijlediately to the inner sid® Of thw, 
and occupying the summit of the internal sloping surface, there is an 
(facies articularis capitiili), of variable size .and rnore dr less triangu^^ 
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internal to the ridge whioh springs inferiorly from the idSalleolar subcutaneous 

triangular surface, notwithstanding the differences in 
width of the surface which separates the liijes, or their 
occasional coalescence above. 

c The position of the interosseous ridge enables us at 
once to separate the flexor aspect of the bone from its 
extensor surface, using these terms in relation to the 
movements of the ankle. 
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The use of these terms is not, strictly s)>eaking, correct, and they 
are here used in a physiological and not in a morphological sense. 
The anterior surface of tlfc leg is the true extensor /inrface and 
is comparable Avith the posterior surface of the forearm, the change 
in i)osition having been brought about developmen tally by differ- 
ence in the rotation of the limbs. Flexion of the ankle, so called, 
is in reality an extensor movement, and coC-^responds to extensiou"i/t 
the wrist; see Humphry, Jtmrri', Anat. and PhydoL, vol. xxviii. p. 15. 

In addition, there is the peroneal surface; which cor- 
responds to the outer side of the shaft. Starting then at 
tlie interosseous ridge, and passing forwards round ,the 
outer^side of the shaft, the flexor surface is the first met 
with ; this is bounded externally by the anterior border, 
and, as has been said, may be either of considerable width 
or almost linear. From this arises <.the extensor com- 
munis digitorum, together with the peroneus tertiais pnd 
the extensor proprius liallucis muscles, which, though 
extensors of the toes, are also flexors of the ankle. 

The anterior harder serves for the attachment of the 
intermuscular septum, which separates the foregoing < 
group of muscles from tliat which lies along the outer side 
of the shaft, viz. the peroneus longus and brevis muscles. 
The surface from winch these arise is limited behind by 
tlie posterior border, which is usually sharp alid well 
defined below, where it is continuous with the bone im- 
mediately fibove the pit on the inner surface of the lower 
extremity, whilst it tends to be less distinct and more 
rounded above where it runs into the base of the styloid 
process. In its upper third or fourth this border is often 
rough and tubercular where it serves ^,for the origin of 
the soleus. The outer or peroneal surface is somewhat 
twisted, being directed rather forwards above, but tend- 
ing to turn backwards below where it becomes continuous 
with the groove which courses along the back of the 
external malleolus and which lodges the tendons of the 
peroneus longus and brevis muscles. The. remainder of 
the shaft, included between the posterior border behind 
and* the interosseous ridge in front and internally, jjs the 
extensor surface, for here arise the several muscles whose 
action in part is to extend the ankle. This suWace is 
cut up by a curved ridge often the most prominent and 
outstanding on the bone, and hence. frequently mistaken^ 
by the student for the interosseous ridge; it serves to 
define the area for the origin of the tibialis posticus, and 
arises below from the posterior bordeV of the interosseous 
ridge at the jfinction of the ''middle and inferior th^da ; 
of the shaft, curves a little backwards, and passing 
upwards q,nd obliquely forwards again joins the inter-; 
osseous ridge once more^in the regiem of the neck^ / Thfe 
internal border (crista medialis) ; and' the ' aitrfifee so 
surface. The fi^e &self serves for the .^4^^ 
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of the aponeurosis whfch covers the tibialis posticus muscle. , The remainder of 
the extensor aspect of the shaft, which, above, is directed backwards, is so twisted 
that inferiojly it is directed inwards. From this, in its upper part, the soleus 
muscle arises ; whilst lower down, tlie flexor longiis hallucis muscle derives an 
extensive origin. Both of these muscles, together with tlje tibialis posticus, act as 
ea^tensoTS oi the ankle. On this aspect of the boiie, at or near the middle of the 
shaft, and just behind the prominent tibial ridge, is the opening of the nutrient 
canal, which has a downward direction. ■ • 

The inferior extremity of the fibula, or external malleolus (malleolus lateralis), 
is of pyramidal form. Its inner surface is furnished with a triangular articular 
area (facies articularis melleoli), plane from before backwards, and slightly convex 
from above* downwards, which artkjulates with a corresponding surface on the outer 
side of the body of the astragalus. Behind this there is a deep pit, to which the 
posterior fasciculus jjf the external lateral ligament is attached. Above the 
arSfcular facet there is a rough triangular area on the extensor surface of the shaft, 
from the summit of which the interosseous ridge arises; hereto are attached tl)e 
strong fibres Bf the inferior interosseous ligament which bind together the opposed 
surfaces of the tibia and fibula. The external surface of the inferior extremity 
fornis the elevation of the external malleolus which determines the shape of the 
projection of the outer ankle. Eounded from side^ to side and from above down- 
wards, it terminates below in a pointed process, which reaches a lower level than 
the*corresponding process of the tibia, from which it also differs in being narrower 
and more pointed and being placed in a plane nearer the h«el. Superiorly, this 
surface,*which is subcutaneous, is continuous with the triangular subcutaneous urea 
so clearly defined by the convergence above of the lines which unite to form the 
anterior border. The anterior border and tip of the externol malleolus furnish 
attachments to the anterior and middle bands of the external lateral ligament of 
the ankle. The posterior surface of the external malleolus, broad above, where 
it is contiuent with the peroneal or external surface, is reduced in width below 
by the presence of the pit which lies to its inner side. This aspect of the 
bone is grooved (sulcus malleolaris) by the tendons of the peroneus^longus and 
brevis lihiscles, which curve round the posteripr and lower-pointed aspect of the 
malleolus. ^J1ie proportionate length of the fibula to the body height is as 1 is tf? 
4*37-4'82. / ^ . 

• Arterial Foramina.— Kumei-aus luiimte. vasculSir canals are seen jjierciiig tlie oiiU*.r surl'ace of 
tlje head, and one or two of larger size are seen on the inner, surface nninediately in front of the 
superior articular facet. The canal for the nutrient arteiy of the sh^^(;, whichjfiofi a downwanl 
direction, is situated <5n the back of the bone alwut its inicfdle. The outer surface of the external 
malleolus displays the openings of many small canals, and one or two larger openings are to l>e 
noted at the bottom of the pit belvind the inferior articular surface. 

Oonnexions.— The heao and external malleolus, and j)art of tlie sliaft immediately above the 
latter, are subcutaneous. The remainder of the shaft is covered on all sides hy the muscles which 
surround it Superiorly the bone plays no part in the formation of the knee-;Joint, hut itiferiorly 
assists materially in strengthening the ankle-joint by its union with the tillLa and it#articu]atibn 
with the astragalus. In position the bone is not j)%rallel to the axis of the tibia, but oblique to 
it, its upper extremity lying posterior and external to a vertical line passing through the external 
malleolus. . . • 

AxCbitecturdi— A medullary canal runs thi*oughout*tlie len^h of the shaf^ reacBing as hijgh 
as the tiqgk above, and extending as low as a point alxiut inches above the infeiSorvextxemity 
of the external malleolu^ f The outer wall of the shaft is usually considerably thicket tliau the 
inner. ■; The head is fomi^ of loose cellular bone, enclosed within a very thin Sense envelope. The 
spongy tissue df the loiter extie^ is more compact, dxxd a^uires considerable density on the 
surfaces underlying the articular area and the^ behind it. Tlie canal for the mitrient arteiy of j 
the shaft ppeiis into the medullary (»vity about an inch l>elow its exte o 

1 Ossification shaft begins to ossify the month 

ftotfcl At the end of thM ^ difierohoe 

and the and at birth the^bu^^^ 

.than 



232 


OSTEOLOGY. 


3-4 years 


ossify about the third or fourth year, aud union with the shaft is not complete until a 
€ Appeoi-s about F«se8 with shaft period soniewhat later than that for the inferior 

epiphysis. The mode of ossification of the 
lower extremity is an exception to the ^ general rule 
that epiphyses which are the first to ossify are the last 
to unite with the shaft. 

Ill its earlier !^>ages of development it has been stated, 
on the authority of Leboucq, Gegenbaiier, and others, that 
tliti fibula as well as tlie tibia is in contact witli <ihe femur. 
I'liis is, however, denied by Grunbaum (“ Proc. Anat. Soc.,” 
Joum. Anat. and Fhydol.^ vol. xxvi. p. 22), who states that 
after the sixth week the fibula is not in contact with the 
femur, and that prior to that date it is impossible to 
differentiate the tissue which is to form femur from that 
which forms fibula. 

Variations. — The fibula may oe ridged and groovc^'ln 
a remarkable manner, as is the case in many boners of pre- 
historic races. This is probably associated^ with a greater 
or perhajis more active development of the muscles attached 
to it. 

The superior articular facet varies much in size. ^Ben- 
lud t {Dublin Joum. Mad. >S'c., Aug. 1891) records a case in 
whicdi it was double, and also notes the occurrence of 
specimens in which it was absent and in which the head of 
the bone did not reach as higli as the tibial tuberosity. 

Many instances of jiartial or complete absence of the 
bone have been pul)lished. (Ijefcbre, R, GantrihiUion a 
V6tude de V absence cony Snilale du 'p^ona. Lille. 1895.) 
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BONPIS OF THE FOOT. 

Tlie b(ines of the foot, twenty-six in number, are arranged in three groups : the 
tars il, seven in number ; the metatarsal, five in number ; the phalanges, fourteen 
in number.^ ^ 

, Comparing the foot with the hand, the student will be struck with the great*pro- 
portionate size of the tarsus as compared with the carpus, and the reduction in size 
of 'tlie banes of the toes as compared with the fingers. The size of the metatarsal 
segment more nearly equals that of the metacarpus. ^ 

The Taksus. 

The tarsus (ossa tarsi) consists of seven bones — the astragalus, os calcis, navi- 
cular or scaphoid, three cuneiforms, and the cuboid. Of irregular form and varying 
size, they i;iay be described as roughly cubical, presenting for examination dorsal 
and planter surlaces as well as anterior, posterior, internal, and external aspects. 

. The Astragalus. 

* * • 

The fisliragalus (talus) is the bone through which the body weight is trans- 
mitted fl'om the leg above to the foot below. Superiorly the tibia rests ^lppn it, 
whilst on either side it articulates with the internal and external maUeqlar processes 
of the tibia and fibula*respectively ; inferiorly it overlies the oa' calcis, and anteriorly 
it articulates with the navicular. For descriptive purposes the bone is divisible into 
two pairts— the body (corpus tali) blended in front with, the ne^ (collum tali), 
which supports the head (caput tali). '■ 

The upper surface of the body is provided with a saddle-shaped articular surfia^ 
(trochlea tali), broader in front than behind, for articujiation with the iinder snrfi^ 
of the t^bia. The inner ^ge of the trochlea fs straight ; whilst the outer hprdelP, 
whiffh is sharp in ftont. and more rounded behin#, is curved inward |)oSh^prly, v 
where it is l^pvelled to form a narrow, elongated, triangular facet, which, id in 
with the transverse or inferior tibio-fibular j^gai%nt .dimug ^exion* of the: an^le: . ' 
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(Fawcet#, Med, Jouhi,, 1895).. Over the external border the cartilage-covered 
surface is continuous externally with an extensive area of the form of a quadrant. 
This is cohcsijire from above downwards, and articulates with the inner surface of the 
fibular malleolus. Its inferior angle is prominent and somewhat everted, and some- 
times referred to as the 
external process (pro- 
cessus lateralis tali). 

The inner aspect of the 
body haS a comma - 
shaped facet, confluent 
with the^ superior 
articular surface, over 
the inner edge of the 
tva^[ltlea; this articu^ 
lates with the outer 
surface of the tibial 
jnalleolus. Ii&erior to 
this the bone is rough 
and pitted by numerous 
small openings, and 
just below the tail of 
the comma there is a 
circular impression ft)r Perono.us brovia. 
the attachment of the 
deep fibres of the inter- 
nal lateral ligament. 

On inferior surface 
tliere is a deep concayC 
tacet, called the pos- 
terior calcanean facet 
(facies caj^anea articu- 
laris •posterior), which 
is of more or less oval 
or Oblong form and is 
placed obliquely from 
behind forwards aiid 
outwards ; this rests 
upon a corresponding 
surface on the upper 
aspect of the os calcis. 

In front of this, and 
crowing the bone from 
within outwards and 
forwards, isadeepfjoiTow 
(sulcus tadiji the floor of 

which ws pierced ; by 

nunierou^ large eanals; 

It Befifesfot the atfe^h-; 
ntentlof : the; ^roh^^^^ 
ter.os#ehs ligaihenfl 
whipKhhit^-^^t^^^^ aetra- 
galitS;^h the os ealcij^ . 
and 
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and is occasionally a separate ossicle (os trigonum). 'To it is attached , the 
posterior fasciculus of the external lateral ligament of the ankle-joint. The 
groove, which winds obliquely from above downwards and inwards (jver the pos^ 
terior surface of the bone, lodges the tendon of the flexor longus hallucis muscle. 

The head (caput 
tali), of oval form, 
is directed forwards 
and inwards. Its 
anterior surface is 
convex from side to 
side and from above 
downwards, and 
articulates with the 
navicular bqne 
(facies articiliaris 
navicularis). In- 
feriofly this surface 
is confluent with 
the middle cqlcan- 
ean facet, but in 
well-marked speci- 
mens, or when the 
bones are articu- 
lated, it win bft seen 
that a small area 
in front of, and ex- 
ternal to, the 
middle calcanean 
facet, rests upon an 
articular surface on 
the upper part of 
the fore portion of 
the 08 calcis, and is* 
called the anterior 
calcanean facet 
(facies articularft 
calcanea anterior). 
,To the inner and 
under surface of the 
head there is a 
cartilage - covered 
surface which does 
not articulate with 
any bone, but rests 
on the upper surface 
of the inferior cal- 
caneo - navicular, 
ligament,* and is 
supported on the 
inner side by the 
tendon of the tibi- 
alis posticus muscle 
(Fawcett, JM!. 

1896 , ). 
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Fkl 174 . -Bonus ok the Right Foot seen from Below. 


The neck (collum tali), best seen above, passes from the front of the body and 
inclii^^s towards tlio. inner side, dfis conflubnt with the inner surface in 
this internal malleolar facet, and externally forms a wide groove, which becomes QOU-; 
Unuous inferiorly with the outer end of the interosseous groove, 



Variatiphs.^ — ^Tbe anterit^* is soinctiiftcs separated froDi tlie middle calccancwin iarot by a nrn]- 
articular furrow. The posterior extenial tubei*clc, often largely developed, is oe(’asi()iially^(2*7 
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per cent) a separate ossicle forming what is known as the os trigomiin (Bai*d(‘lelj(m.) ; iy! it may be 
united to tlmbody of the astragalus by a distinct synchondrosis. A smooth articular snrfatu^ may 
occasional ly be found on the outer sifle of the upper surfaces of the n(‘.ck. This is a pressure facet 
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The Os Calcis. 

The os calcis (calcaneus) is the largest of the tarsal bones. It supports the 
astragalus above and articulates with the cuboid in front. Inferiorly and behind, its 
posterior extremity or tuberosity forms the heel on which so large a proportion of 
the body weight rests. The long axis of the bone inclines forwards and a little 
outwards. « 

The upjier surface of the os calcis is divisible into two parts — a posterior non- 
articular part and an anterior articular portion. The length of the former varies 
according to the projection of the heel ; rounded from side to side, it is slightly con- 
cave from before backwards. In front of this there is a convex articular area of 
variable shape (facies articularis posterior), sometimes nearly circular, at other times 
oval and occasionally almost triangular. This is directed upwards and forwards, 
and articulates with the posterior calcanean facet on the under surface of the 
galus. Anterior to this facet the bone is deeply excavated, forming a fossa from 
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which a groove ^sulcus calcanei) leads backwards and inwards around the antero- 
intenial bord^ of the articular surface. When the os calcis is placed in contact 
with the astragalus, this groove coincides with the sulcus on the under surface of 
the latter bone and so forms a can^l or tunnel (sinus tarsi), in v/hich the strong 
interosseous ligament which unites the two hones is lodged. To the front and inner 
side of this groove, there is an elongated articular facet directed obliquely from 
beliind' forwards and outwards, and concave in the direction of its long axis. This 
is frequently divided into two smaller oval areas by an intermediate non-articular 
surface. Of these facets the hinder (facies articularis media) articulates with the 
middle calcanean bfeet on the under surface of the' astragalus, whilst the a,nteribr 
(facies articularis anterior) supports the under surface of the be^d of the astragalus: 
(facies articularis calcanei anterior). The outer side of the upper surface of ^^^ t^ 
anterior extremity of the bone is roi^gh, and here t^) is attached the Origin of -the 
short extensor muscle of the toes. ; , 

The inferior surface of the bone is slightly concRve from before ; back ward^^^^ 
ebnv^x from side to side. The under aspect of the tuberosity is provided with jtwpv 
tuoercles, an inner (processus medialis tuberi^ 'calcanei) and outer ?(proc€i8SU^^^^^ 
lateralis 4uberis calcanei), of which the former ds the laiger, ^ Erotn It 
flexor of the toes anji the aWnctordiallucie mii^le arisej whilst 
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sj)rijiig tl^ fibres of origia of the abductor minimi digiti muscle. On the fore-part 
of the under surfac(% there is an elevated elongated tubercle, which termiijates 
somewhat abruptly just behind the anterior border of this aspect of the bone, 
giving rise at*^ times to a notch. From the former spring the fibres of the long 
plantar ligament, whilst the latter serves for the attachmeijt of tiie deeper, fibres of 
the short plantar ligament. The two heads of origin of the flexor accessorius 
muscle arise from the bone on either side of the long plantar ligament. Tlie 
interned surfase of the os calcis is* crossed obliquely from ainwe downwards and 
forwards i>y a broad groove of considerable depth; along this pass many of the 
structures which enter the sole of the foot from the back of tlie leg. Tlie groove 
is overhung in front and above 
by a projecting bracket -like 
process, called the sustentaculum 
taU. or lesser proce^. The 
unofer surface of the susten- 
taculum is channelled by a 
groove, in whi«h is lodged the 
tendon pf the flexor longus 
hallucis muscle ; whilst its inner 
border, to which is attached a | 
part of the internal lateral £ 
ligament of the ankle, is over- | 

Jain by the tendon of, the flexor 
longue iiigitorum. To the 
anterior border of the susten- 
taculum is attached the inferior 
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calcaneo - navicular ligament, 
and placed on its uj)per surface 
is the articular facet already 
alluded to (facies articularis 
media). Posteriorly the in- 
ternal sirfface of tlie bone is 
•limited inferiorly by the pro- 
jection of the internal tubercle, 
and above by the internal 
tipped edge of the tuberosity. 

The eternal surface, broad 
behind and narrov^r in front, 
is of flattened form. Springing 
from it, just below the outer 
end of the- sinus tar^, is 
the peroneal spine (processus 
trochlearis), often indistinctly 
marked. To this the fibres of 
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also fairly smooth, aud is defined inferiorly by an irregular line, sonie times -a 
definite ridge, the edges of wlncli are striated. Into this surftce the tendo Achillis ; 
is inserted. The lowest surface is rough and striated, and is conflueij|t below with, 
the internal n,nd external tubercles; this is overlain by the dense layer of tissue 
which foi'ins the pad offthe heel. 

Variations. — The peroneal tubercle is occasionally unduly i)roniinent, coustitutiiig the sub- 
nialleolar apophysis of' HyrVl, and cases are recorder’ of the os calcis articulating Avith the 
naAdcular (Morestin, H.*, Ball, de Id Soc. Aiiat. de Paria, 1804, Ser. v., I. 8, n. 24, p. 708 ; and 
lA^trini, AM dd A'L Ooruir. AM. Intaniaz. Romu^ 1804, vol. ii, “ Anat.” p. 71). Phitziltn' {Moridio- 
lo(jisdui Arijtdim, vol. vi. p. 245) also i*ecoids the se])aratiou of tbe sustentaculum tali to form an ' 
os .susteiitaculi. ^ 

t 

The Navicular Bone. 


Middle ouneifoum 



Tcuekositv 




The navicular or scaphoid bone (os naviculare pedis), ^f compressed pyi^riii 
shape, is placed on the inner side of the foot, between the head of the astr^alus 
posteriorly and the three euneiforin bones anteriorly. Tlie bone derives its name 

from the oval or boat- 
shaped hollow on its 
posterior surf ace fwliich 
rests upon the head 
of the astragalus. Its 
anterior aspect is 
burnished with a semi- 
lunar articular** area, 
which is subdivided by 
two faint ridges into 
three wedge - shaped 
• facets for articulatidn 
from within outwards 
with the internal, 
middle, and external 
cuneiforih bones. Superiorly the surface of the bone, convex from side to side, is 
rough for the attachment of the ligaments on the dorsal aspect of tlie foot. Inferiorly 
the hope is irregularly concave, and marked by the attachment of the plantar liga- 
ments. Tlie external surface is narrow from before backwards, and rounded from above 
downwards. Usually devoid of any articular surface, it is occasionally provided 
with a iacet,^which rests upon a corresponding area on the cuboid. The irtner side 
of the bone projects Keyond the general line of the inner bordey of the foot, so as to 
form a thick rounded tubercle (tuberositas oss. navicularis), the position of which 
can be easily determined in the living. To the inner and under surface of this 
process an extehsjve portion of the tendon of the tibialis posticus muscle is 
inserted.' • 

Variations. — C.isi^s aiv ivcoided where the tubercle has rorm(*d an iiidej)eiKlent ossicle. 


Fi(i. 180. — The Kkjht Navicular Bonk. 

A, As seen from Behind ; B, As seen from the Front. 


^ The Cunkifoum Bones. 

Tho cuneiform bones, tliree in number, are placed between the ^.navicular 
posteriorly and the bases of the first, second, and third metatarsal bones anteriorly^ 
for whicli reason they are frequently named the first, second, and third cuneiforms, 
or, Irom their positidn, internal, middle, and external. Moi^ or less wedge-shaped, 
as their name implies, the internal or first is the largest, whilst the middle or 
secoTid is the smallest of the group. Combined, they form a compact xhass^ the ; 
proximal surface of which, fairly regular in outline, rests on the anterior surface of 
the navicular ; wlnlst anteriorly they form a base of support for the three isiid©^ 
metatarsals, the outline of which is irregular, owip.g to the base of the 
mujtatarsal bone being recessed cbetween the inner and ouler cuneiforms as 
artSiculates with the distal extremity of the shorter middle ehneiform.^ ^ ^ 

The internal cuneiform bone (os cuneiforuje primum), the largesji'Ot ^ 
lies on the inner border of the foot between, the base of the metiMiarsai^^^b 
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Fuj. 181. - Antekiou View de tuh thkke 
C uNKiFOUM Bonks ok the Kiciht Fo(»t. 


II. METATAJISAI, 


Middle cn.iNEH*-ouM 


great toe in front, and tlfe fore and inner part of the navicular beliind. Its npper, 
lowei% and internal suirfaces are confluent, and forni a convexity from above down- 
wards, which^ is most pronounced inferiorly, 
where it is turned towards the plantar side of 
the foot. On the fore part of the inner jispect 
of the bone there is usually a distinct oval im- 
pression, which indicates the surface of insertion 
of a portion of the tendon of the tibialis anticus 
muscle, filsewhere this surface is rough for 
ligamentous attachments. The external surface 
of the bone, ^quadrilateral in shape, ^is directed 
towards the Wddle cuneiform ; but as it ex- 
ceeds it in length, it also comes in contact witli 
the^mner side of the l^se of the second meta- 
tarsa3M)one. Eunning along the posterior and 
upper edges of this area is an n-shaped articular 
surface, the forff and upper part of which is for 
the base pf the second metatarsal bone, the remainder articulating with tlie inner 
side o£ the middle cuneiform. The non-articular part of tliis aspect of the bone is 
rough for the attachment of the strong interosseous* ligaments, wliich bind it to 
the middle cuneiform and second metatarsal bones respectively. The posterior or 

proA)imal end of tl i e 
•bone is provided 
with a pyriform 
facet wliich fits on 
the inner articular 
area of the navi- 
cular. Anteriorly 
the vertical dia- 
meter of the bone 
is much •increased, 
and the Tacet for 
the base of the 
metatarsal iione of 
the great toe is 

c^nsequently much larger than that for the* navicular. The metatarsal facet is 
usually of semilunar form, but not infrequently is^ujore reuiform ip shape, and 
may in some cases d^play complete separation into two oval portions. 

The middle or second cuneiform (os cuneiforme secundum) is of a typical 
wedge shape; shorter than the others, it lies between them, articulating with the 
base of the second metatarsal in front, „ 
and the middle facet on the anterior sur- mkt.taiwaf, cuMRiroBM 
face of the navicular behind. Its upper 
aspect, which Qprresponds to the base of 
the wedge, pphife^ms to the roundness of 
the ihstpp, is slightly couvex from 
side tp side, affording attpehments for the 
dorspl l^ipeiits. ; Its under surface is 
narrow 044; !t4^i^alar« Iprming:^ 
of th#' ^pdge j ;'wit^ pbntar liga- 

■ mmdis arev ppuoectpd.' The inner suff(icCi 
quadnlA]tei^4h wnth 

anr^hApedartipvdarpfimalpQgitspos^pj'k^ 

bone is 



TMI'ilGfiSION 
FOB TENDON 
OK TIBIALIS 
ANTICUS 



Fm. 182. — The Bkjht Intkknal 
Cuneiform (Inner Side), 


Fjo. 183. — The Hkiht Internal 
Cuneiform (Outer Side). 
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downwards; this rests on the central articular surface cn the anterior^ aspect of 
the .navicular. In front the bone articulates by means of a wedge-shaped facet 
with the base of the metatarsal bone of the second toe. 

The external or third cuneiform (os cuneiforme tertium) interniediate in size 
between. the first and second, is also of a typical wedge shape. Its sttperwr mrface, 

slightly convex from side to 
side, provides attachments for 
the dorsal ligaments. Its 
inferior or planta^x is’ 

narrow and tubercular, and 
serves for the attachment of 
the plantar ligaments. Its 
inner side, of quadrilateral 
form,^, displays two narrow 
artictilar strips, placed'^aiong 
its anterior and posterior 
borders respectively, each 
somewhat constricted in tlie middle. The anterior articulates with the outer side 
of the base of tlie second metatarsal bone, the posterior with the outer side of 
the middle cuneiform. ‘ The, rough non-articular surface, which separates t6e two 
elongated facets, serves for this attachment of ligaments. The outer aspect of the 
bone is characterised by a large circular or oval facet, placed near its hinder^ border, 
for articulation with the cuboid ; in front of this the anterioi;, border is lipped above 
by a small semi-oval facet for articulation with the inner side of the b^yse.pf the 
fourth metatarsal. The rest of the bone around and between these facets is rough 
for ligaments. Proximally the bone is furnished with a triangular facet for 
articulation with the outer wedge-shaped area on the front of the navicular, whilst 
distally it articulates with the base of the third luetatarsalt by a surface of corre- 
sponding shape. 

Variations. — Nmnerous cases of division of the internal cuneiform bone into dorsal and 
plantar paVts Lave been recorded; the frequent divisioji of its metatarsal articular facet is no 
doubt correlated with this anomalous condition. ^ « 


Fio. 186. — Rioht External 
CuNKiEORM (Iimer Sale). 


Fit!. 187. — Rkjht External 
Cuneiform (Outer Side). 


JHE UUROJD i50NE. 


The cuboid (os cuboideum) lies on the outer side of the foot, about its middle, 
articulating with the os oalcis behind and the fourth and fifth metatarsal bones in 
front. Its upper surface, plane in an antero-posterior direction, is slightly rounded 
from side to side, and provides attachment for ligaments. Tts plantar as^^ect if^ 
traversed obliquely from without inwards and forwards by a thick and prominent 
ridge, the outer extremity of which, at the point where it is confluent with the 
outer, surface, forms a prominent tubercle (tuberositas oss. cuboidei), the anterior 
and extremal surface of which is smooth and faceted to allow of the play of a 


External cuneiform 


Navicular 
(occasioual) . 


n 


sesamoid bon( 
which is fre- 
quently developec 
in the tendon oi 
the ‘“p^roneut 
longus muscle 
In front of thit 
ridge there is a 
groove (sulcui: 
peronaei) in which 
the tendon of the 
peroneus longus 
muscle is lodged 
a0t passes across 
the under surface of the bone. Behind tho jSdge the bow is rouj^^ 
the atEachment' of the short plantar hgameii^, the ;^uperflbial fib^^ of 



Tuberosity 


Guo(»vk for feroneus 

LONQUS 


Gaqov'xfor Tuberositv 

PERONEUS LONQUS 


Fia. 188 .— The Right Cuboid Bone. 

A, Outefii' Side. . ; Inner 
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forward* and are atfcaoBed to the summit of the ridge. The outer aspect of the bone 
is short and rounded^ and is formed by the confluence of the superior and inferior sur- 
faces; it is ^ore or less notched by the peroneal groove which turns round its lower 
edge. The internal surface of the bone is the most extensive ; it is easily recognisable 
on account of the presence of a rounded or oval facet sitimted near its middle and 
close to its upper border. This is for articulation with the outer side of the external 
cuneiform ; in front and behind Jbhis the surface is rpugh for ligaments. Not 
infrequently behind the facet for the external cuneiform thcift is a small articular 
surface f^r the navicular, as is the case normally in the gorilla, whilst behind and 
below, the projecting inferior angle is sometimes provided with a facet, on which 
the head of the astragalus rests (Sutton, “ Proc. Anat. Soc.,” Journ.Anat and Physiol, 
vol. xxvi. p. 18). The anterior surface is oval or conical in outline; sloping 
obliquely from within outwards and backwards, it is divided about its middle by a 
slight vertical ridge ii^to two parts, the inner of which articulates with the base of 
therourth metatarsal bone, the outer with that of the fifth. The posterior surface, 
also articular, has a semilunar oiithno, the convex margin of which coiTcsponds to 
the dorsal rouSidness of the bone. The inferior external angle corresponds to the 
tubercle oh the outer border of the bone, whilst the inferior internal angle forms a 
pointed projection, which is sometimes called the calcanean process. The posterior 
surface articulates with the os calcis by means of a •saddle-sliaped facet, which is 
convex from side to side, and concave from above downwards. 

• • 

Variations. — Blandtn lias recoided a case of division of llie cuboid. 

TlTe t^sus as a whole may be conveniently described as arranged in two columns ; the 
inner, corresponding to the inner border of the foot, coinpi'isiiig the astragalus, navicular, and 
three cuneiforms, and forming a base for the support of the thi'ce innc‘i* metatarsal hones and 
theit phalanges. The outer column, formed by the os calcis and culjoid, support the iVmrth 
^nd fifth metatarsal bones together with their 2 >halangos. The siqxirior surface of the anterior 
portion of the tarsus detel’inines the side-to-side roundiuiss of the insti^j), whilst its under surfoco 
forms arches in both a transverse and longitudinal direction, in which tbi) softer tiiRiies of the 
sole are lodged, and so ];>i'otected from injury. 

Architecture of the Bones of the Foot. — A longitudmal swition through tin! articulat(id 
bones of tlr* foot reveals the fact that the cancellous structure of eacli individual bqjie is deter- 
minea by the stress to wliicli it is habitually subjected. In this conne(j1.ion it is necessary to^ 
refer to the arched arrangement of tlie bones of the foot, a subject whieli is elsewhere treated in 
detail (see p. 304). The summit of the arch is formed by the astragalus, on which rests, ^lie tibia. 
Subjected as the astragalus is to a crushing strain, it is obvious that this load must be distributed 
throughout the arch, of which the os calcis is the posterior jullar, whilst the heads of the meta- 
tarsal bones constitute the anterior pillar. It is found, consequently, that the lauielke of the can- 
cellous tissue of the astragalus are arranged in two directions, which , inf t'rcrosi and terminate 
below the superior ai^jcular surface. Of these fibres, some sweep backwaids a;:id downwards 
towaKls the jjostcrior calcanean facet-, beyond which they are carried in the substance of the os 
calcis in a curved and wavy manner in the direction of the heel, where they terminate ; whilst 
others, curving downwards and forwards from the trochlea of the astragalus, pass through the 
neck , to reach the articular sflrface of the head, through which in like, manner they may be 
regarded as passing onwards through the several bones which constitute the ariterfor part of the 
arch, thus accounting for the longitudinal striation as disjdayed in the stluclure of the navi- 
cular, cuneiform and metatarsal bones. In the os calcis, in addition to the foregoing arrange- 
ment, another set of curving fibres sweej) from back to front of the bone beneath the more com- 
pact tissue, which forms its under shell ' These are obviously of ^od vantage to prevent the spread 
of (he btne when 9 ubjected to the crushing strain. In the sustentaculum tali a bracket-like 
arrangement of fibres IS evident, and the under surface of the neck of the astragaljis further 
strengthen^ by latnell^ anmngM vert^^^ ^ 

In^the separ^^ in vesting envelope is thin, though under the articular siirfaces 

there is;;a of lamellm lying jjaralle]^ to the articular planes. 

The sfouifet bony tissue in the astragalus is met with in the i^egion of the ui^er surface of the 
nGck, whikt;]Lh: density owirs hlong the floor of the sitius tarsi 

the !rarBU8.-^Inci8aBe in; the number of the tarsal elenientt^^^^ 
be due: tp vthe^^<^ internal cuneiform or the cuboid bOnie^ or to 

the pcc^ionid pr^n^^^ of an os tiigonum. separation of the tuberosity of the navmular ■ 

!]pne%aye beeh i^^iided, and ipstmiees of sfi^eimumer^y q^lcles: between the internal cun^ 
end second iaetatarsal bone have b€i$n h6te(i^^^^^l mentiohs the ^ of a imalf 

ih(k>nhe:^n;w^ththe^£rticU]iar surface 
notes th^^^uiapMttsec^aj^suste^^ 
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the cartilaginous elements of the os calcis and astragalus, and the' os calcis and nayicular in 
fcntuscs of the third month. * 

Ossification. — Unlike the carpus, the tarsus is at birth partially ossified. At this 
period there is a well-marked osseous nucleus within the body and neck of the astragalus, 
and the os.calcis is extensively ossified. In the latter the deposition of earthy matter 
appears as early as the sixt'h month of foetal life, whilst in the astragalus the ossific centre 
makes its appearance in the later weeks of gestation. Shortly before or after birth the 
cuboid begins to ossify, sucodeded early in the first yca&v by the extenial cuneiform, followed 
in order by the middle cuneiform, internal cuneiform, and navicular. The ossific centre 
of the latter appears at the tliird year or somewhat later. An epiphysis, whifih forms a 
cap over the extremity of the groat tuberosity of the os calcis, appears from the seventh to 
to the ninth year, and fusion is completed between the ages of sixteen 'and tvyenty. 


Tiik Metatarsus. 


The metatarsal bones, five in number, in their general configuration resen:iuie 
the metacarpus. They are, however, slightly longer, their bases are proportionately 
larger, their shafts more slender and laterally compressed, and theirtjheads propor- 
tionately smaller. They are named numerically the first, second, third, fourth, and 
fifth metatarsal bones, in order from within outwards. The first caii be readily 
recognised on account of its stoutness; it is also the shortest of the series. The 
second is the longest of the five, and the fifth can easily be distinguished by the 
I)rojecting tubercle at its base. , . 

The first metatarsal or metatarsal bone of the great totj, the shortest of the 
series, is remarkable for its stoutness. The vertical diameter of its bagp piuch 


Grooves for sesamoid bones 



Fia. 189. — Tjik First Meta- 
tausai/Bonb the Right 
Foot tulaijtar aspect). 


exceeds its transverse width, here the bone is provided 
with a reniform facet for articulation with the internal 
cuneiform. As a rule there are no facets on the lateral 
aspects of the base. The inferior angle projects backwards 
and outwards, and forms a prominent tubercle which is 
pitted for the insertion of the tendon of the peroneus 
longus muscle, whilst its internal margin is lipped by a 
surface for the attachment of part of the tendvm of the 
tibialis anticus. The shaft, short, thick, and prismatic on 
section, tapers rapidly towards the head, the fore and 
under surfaces of which are articular. The former is con- 
vex from side to side, and from above downwards, and 
supports the proximal phalanx. It is confluent below 
with the inferior articular surface, which is divided by a 
median ridge into two shallow groovefe of which the inner 
is the wider. In these grooves are lodged the two sesa- 
moid bones which underlie Ijhe metatarso - phalangeal 
joint. On either side of the head, the bone is pitted for 
the strong lateral ligaments of the joint. 

The seepnd metatarsal, the longest of the series, has 
a base of wedge-shaped form, the proximal aspect of which 
articulates with the middle cuneiform^ On its inner 
aspect, ne 0 .r its superior edge, there is a small circular 
facet for the internal cuneiform; below and ifl front of 


this there is sometimes a tubercle with a "pressure"' facet on it, where the bone 
comes in contact with the base of the first metatarsal. On the outer side of the 


base there is one, more usually two facets, each divided into two parts, a pbsteripr 
for articulation with the external cuneiform, and an anterior for the base of the; 
third metatarsal. The shafts of this and the three succeeding bones are slender 
and laterally compressed. The heads ‘are small and‘ narrow, and display a 
nounced side-to-side and vertical convexity. 

The third metatarsal bone also possesses a base of wedge-shaped 
praxmial surface^ of which articulates with the,;:external cuaeiform, Oiit its 
side it is nrovided with one, more usually, two small facets, for artioudation ^ 
base of the second metatarsal. Externally the'^base has a latger 
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tion witl\^ the base of the fourth metatarsal, more or less oouical in outline, and 
having its lower edge sharply defined by a narrow groove which underlies it. 

The fourth metatarsal has a base more cubical in shape. Its proximal aspect 
articulates with the cuboid, whilst internally an elongated oval facet, divided by a 


II. METATARSAL 
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I. Metatarsal 111. Metatawmal 


III. METATAUSAL 



III. Metatarsal V. Metvtausal 

A, Inner sides. B, Outer sides. 

^10. idO. — V iew op the BbiBKS and Shafts op thb Second, Thiud, and Foukth Metatarsal Bones 

OP THE Biqut Foot. • 


slight vertical ridge, provides surfaces for articulation with tlie third metatarsal in 
front and the outer side of the internal cuneiform behind. On the outor*8ide there 
is a demi-8val facet, bearing a slightly saddle-shaped surface, for articulation with < 
T)he inner side of the base of the fifth metatarsal. 

The fifth metatarsal can be readily recognised by the peculiar shape of its 
base, from tlie outer side of which there projects backwards and outwards a pro- 
iliinent tubercle (tuberositas oss. metacarpi V.). To the 
hinder extremity of this is attached the tendon of the peroneus^ , 
brevis muscle. To its upper surface the tendon of the peroneus 
tertius is inserted, wLilst its under surface provides an origin 
for the flexor brevis minimi digiti muscle. The inner surface 
of the base is provided with a demi-oval, slightly concave 
facet, for the outer side of the base of the fourth metatarsal, 
whilst proximally it articulates with the cuboid by means of 
a semi-circular facet. • 

Vasculs^ — ^The canals for the nutrient vessels cfien, as 

a rule, oi^thstliiptar aspects of the middle of the shafts. -Those of t he 
outer nietata^lp-iafe direct^ towards the bases of the bones, whilst 
that for the^^^^sal of the jgreat toe passes towards its head. 

ArcMtectt^^In structure and the arrangement of their lamellse 
the melataraarbbnes agree with the metacarpus. ^ 

VajdhtiOliii.---S^veral ihstances^of ^ of the tuberosity of 

the fifth (os Vesaleanum) have been recorded^ whilst 

mimeiX)U8 exampleB; 0 ^ an 6s intermetatarsum between the bases of the 
first and- have been Forded by Gruber and 
others The tiil^rcie on the boBe.qf the first for the attach- 

meutfpf th6 perc^ tendon is : 06 i^ 6 l)ally^^ 
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being developed from secondary centres which appear from jbwo to four years ^ter birth, 
fusion with the shaft being usually completed about the eighteenth year. In striking 
contrast to this is the mode of ossification of the first metatarsal. From its primary 
centre the head and shaft is developed; the secondary centre appears at Hs base about 
the second or third year, and fuses with the shaft about eighteen. In this respect, there- 
fore, the metatarsal bone'’ of the great toe resembles in its mode of development the 
phalanges. Mayet, however {livlL Soc, Anat Paris, 1895), describes the occurrence of 
two ossific centres in the pft)ximal epiphysis. Thepe fuse early, and he considers that the 
one represents the mcLatarsal element, whilst the other may be regarded as phalangeal in 
its origin. 


The Phalanges. 


The phalanges of 

lingers in the striking 


III. Unoual 
oil TRRMTNAL 
I’UALANX 


II. Phalanx 




the toes (phalanges digitorum pedis) differ from those of the 
reduction of their size, and in the c4se of the bones of 'I'ne 
first row, in the lateral compression of their shafts. Each 
toe is provided normally with three phalanges, except the 
great toe, which has only two. In their general configura- 
tion, and in the arrangement of their articular facets, they 
resemble the digital phalanges, though, owing to the re- 
duction in their size, the shafts, particularly those of the 
second row, are often so compressed longitudinally as to 
reduce tlie bone to a mere nodule. The proximal ‘end of 
each of the bones of the first row is proportionately^^ large, 
and is provided with a simple hollow in which the head of 
the metatarsal bone rests; the distal ends are furnished with 
condyloid surfaces. The proximal extremities of the second 
row are each provided with two smalj concavities, separate/! 
by a slight ridge for articulation with the condyles of the 
first row. The joint between the second and third row 
disiDlays the same arrangement — the third, terminal or 
ungual phalanx, being easily distinguished by tke spatula- 
shaped surface at its extremity on which the bed of the nail 
is supported. 

The phalanges of the great toe, two in number, differ 
from the others in their size and length. Into the base of 
the first phalanx are inserted the short muscles of the great 
toe, whilst the second phalanx receives on its plantar 
aspect the insertion of the flexor longus hallucis muscle, the tendon of the ex- 
tensor longus hallucis being inserted into the dorsal aspect. 


I. Phalanx 



* 1 MliTATAR^AL 

Fi«. 192 . — The I’halats’chss 
OF THE Toes (dorsal 
asiMJOt), 


t 

Architecture. — lu tlieir general structure they resemble tlie bones of the fingers. 

Variations.~o-Il^ is not uncominon to meet with fusioii of the second and thiid phalanges, 
I)articulaiS:y in flie Vil’th, less frequently in 'the fourth, and occasionally in tlie second and third 
toes. The union of the phalangeal elements has been observed in the fcotus .as well as the adult 
(Phitzner). The pro])ortionate lengtli of the phalanges varies much ; in some cases the ungual 
phalanges are of fair size, the bor.es of the second row being mere nodules, whilst in other instances 
the reduction in size of the terminal phalanges is most marked. < 

Ossification. — Each phalanx is developed from two centres — one primary for the 
sliaft and distal extremity, the other for the epiphysis on the proximal end. The primary 
centres for the uiiguaj phalanges are the first to appear^ commqpcing to ossify from the 
eleventh to the twelfth week of fmtal life. The centi’e for the ungual phalaiix of the great 
toq makes its appeai\ance before that of its corresponding metatarsal bone. The primary 
centres for the phalanges of the first row appear from the fourteenth to the sixteenth 
week. The primary centres for the middle phalanges ot the second and third toes begin 
to ossify about the sixth month, those for the fourth and fifth toes not till latei^the . 
shaft of the middle phalanx of the fourth toe bejng frequently cartilaginous at birth, the 
nbmial condition in the case of the fiftli toe (Lambortz). The proximal epipl^ses do not 
begin to ossify until about the fourth year, and are usually fusea with the diapnyses abp^ 
the ago«3f sixteen or eighteen. Union between the shafts and epiphyses of the first v 
precedes that of the second and third rows. ^ 
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Sesamoid Bones. 

As in the •hand, small independent nodules of bone, called sesamoid bones, ai*c mot 
with in the ligaments and tendons of the foot. The most constant of these arc found in 
connexion with the metatarso-phalangeal articulation of the great toe, where tiiey lie in 
grooves on the under sui’face of the head of the metatarsal bone in connexion with the 
tendons of the short muscles of the gijjat toe. Small osseous, nodules occupying a corre- 
sponding position are occasionally met with in the other toes, ai#d instances have been 
recorded of like ossicles occurring on the plantar aspect of the interphalangeal joint of 
the great toe. 

An osseous nodule is not infrequently met with in the tendon of the peroncus longiis 
as it turns rofind the outer border of the foot to lie in the groove on tlic under surface of 
the cuboid. 

MORPHOLOGY OF LIMBS. 


Morphology of the Appendicular Skeleton. 


The paired limbs first appear in the human embiyo about the third week as small buds on 
either side of the cephalic and caudal ends of the trunk. Tliat these outgrowths aris derived from 
a large number of trunk segments is assumed on the ground that they are supj)lied by a corre- 
sponding number of segmental nerves, and the circuhistaiic# that they ar<5 more jnii’tieiilarly 
associated with the ventral offsets of these nerves would i>oint to the conclusion that they belong 
rather to the ventral than the dorsal surface of the body. 

At first the surfaces qf these limb buds are so disposed as to be direeieihventrally and doimlly, 
the ve^tr^ aspect corresponding to the future ffexor surface of the limb, the dorsal to the ex- 
tensor side. At the same time, the borders are directed headwards (pre-a-\ial), and tailwards 
(post-axial). Ab the limbs grow, they soon display evidence of division into sigments co3Tesi)ond- 
iiig to the hand and foot, forearm and leg, upper arm and thigh. Coincide' it witli this (about the 
second month) the cartilaginous framework of the limb is being differentiated. Tlie disposition 
o€ these cartilages furnishes a clue to their homologies. In the fore limb, the radius and thumb 
lie along the pre-axial boilers, and correspond to tlie tibia and great toe, which are similarly dis- 
posed in the hind limb ; whilst tlie ulna and fifth finger are homologous with the fibula and fifth 
toe, which are in like manner arranged in relation to the posterior (post-axial) border of their 
respective limbs. Up to this time the limbs are directed obliquely ventralwarcls fr^m the head 
towards th?tail-cnd of the embryo. During the third month, however, a change in»their posi- 
tion takes place, owing to their axes lieing rotated in opposite directions. The fore limb is* 
turned outwards and forwards to the extent of 90**, whilst the lower hind limb is twisted inwaids 
and backwards to a corresponding degree. This gives rise to a change in tlie disposition of the 
joints of the flexor and extensor surfaces. The flexor surface of the elbow is now directed for- 
wards, whilst the corresponding asjiect of the knee is turned backwards, and in consequence the 
dorsal or extensor aspect of the fore limb is posterior, whilst the dorsal: or extensor aspect of the 
hind limb has become anterior. Correspondingly, the pre-a3tial border €pf tlie foife limb with the 
thumb now lies extemSl, whilst the pre-axial border of the hind limb with the great toe lias 
become internal. A knowledge of these changes is necessary to account for the homologies of the 
various structures within the limb. In the axial meBoclerm of each member, differentiation 
into cartilaginous segments begins about the second month ; each of these cartilages becomes in- 
vested by a perichondrial layer which stretches from segment to segnienff, and ultimately forms 
the ligaments surrounding the joints, which are subsequently developed be^w&n the segments. 
Dhonarification first begins in the basal part of the limb, and extends towards the digits. In the 
ipper arm and thigh the humerus and femur are hsmodyriamous. In the forearm and leg the 
pre-axial radius corresponds with the pre-axial tibia, and the post-axial ulna with the post-axial 
ibula. The homodynamy of the carpal and tarsal elements ftiay be tabularly expi:essed, and 
JompareJ with the more generalised types from which they are evolved. • 

. .:• / . ■ * • \ ■ 

Hand. Foot. 


Bad iale \ 
IntertneOium 
Ulnat^ (Fibulare) 
Centaaie 


= Scaphoid (body) = Astragalus. 

► Semiiunar = Absenli^ or Os trigonmn 

Cuneiform — Os Caleis. 

=Absentj or Tubercle on Scaphoid = Navicular. ) 

, i « == Trapezium s= internal Cuneiform^, V.; 

Sl^jii V ; = Middle Gtmeifbrm. ^ 

Caraale),;;^; 
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occasionally be met with. The frequent occurrence of ah> ificrease in the" number of digits seenw 
to indicate that phylogenetically the number of digits greater than at present, and include a 
j)repollex or i)rehallux, and a digitus post-minimus. The correspondence of the metacarpus with 
the metatarsus and the phalanges of the fingers with those of the toes is so obVious, that it is 
sufficient merely to mention it. 

The diflerences in size, form, and disposition of the skeletal elements of the hand and foot is 
easily accounted for by a reference to the functions they subserve. 

In the hand strength is sacrificed to mobility, thus leading to a reduction in the size of the 
carpal elements, and a iiyirkefi increase in the length <Sf the digital phalanges. The freedom of 
movement of the thumb, and its opi)osability to the other digits, greatly enhances the value of 
the liand as a grasping organ. In the foot, where stability is the main requirement!, the tarsus 
is of much greater proportionate size, wliilst the jihalanges are correspondingly reduced. Since 
the foot no longer serves as a grasping organ, the great toe is not free and opposable like the 
thumb. ' 

Limb Girdles. — The free limbs are linked to the axial skeleton ' by • a chain of bones 
• whicli constitute their girdles. The lundamental form of these limb girdles consists each of a 
jiair of curved cartilages placed at riglit angles to the axis of the trunk, and embedded withiu^^its 
musculature. Each cartilage lias an articular surface externally about the middle''for the*?ecep- 
tion of tlie cartilage of the first segment of the free limb. In tliis way each pectoral and pelvic 
cartilage is divided into an niiper or dorsal half and a lower or ventral half, ^he dorsal halves 
constitute tlie scapula and ilium of the pectoral and jielvic girdles respectively. With regard to 
the ventral lialves, there is more difficulty in establishing their homologies. The original con- 
dition is best displayed in the jielvic girdle ; here the ventral semnent divides into two branches — 
one anterior, which rejiresents the jm bis, the otlier posl^erior, whicli ultimately forms the ischium. 
Ventrally, the extremities of tliese cartilages unite to enclose the obturator foramen. In the 
pectoral girdle the disposition of the ventral cartilages is not so clear, consisting primitiv^ely of 
an anterior branch or precoracoid, and a i)osterior portioji or coracoid ; these, in highel* forms, 
have undergone great fnodifications in adaptation to the requirements of the fore limbs. Tlie 
posterior or coracoid element, the homologue of the istdiial cartilage in the pelvic girllof is but 
feebly represented in man by the coracoid j)roccss and the coraco-claviciilar ligament. AVitli 
regard to the homologue of the pubic element in the pectoral girdle, tliere is much difference of 
oi)inion ; in i*eptiles and amphibia it corresponds most closely to the precoracoid, hut it is doubt- 
ful what re])resents it in mammals. According to Qoette and Hoflhian, tlie clavicle is a primor- 
dial bone, and not, as suggested by Gegenbaur, of secondary or dermkj origin. If this be so, it 
corres 2 )ondi to the ventral anterior segincnt of the ]3ectoral girdle, and is therefore homologous 
with tlie ventral anterior (pubic) segment of the pelvic girdle. On the other liand, if Gegen- 
baur’s view J.)e accejjted, the clavicle has no representative in the pelvic girdle. It must, how- 
ever, he borne in mind that during its ossification it is intimately associated with cartilage, and 
, that that cartilage may represent the precoracoid bar ; nor must too great stress be laid ujiUii the 
fact that the clavicle begins to ossify before.' it is preformed in cartilage, since that may be merely® 
a .modification in its histogenetic development. 

Acco^ding to another Adew (Sabatier), the subcoracoid centre (see Ossification of Scapula) is 
derived from the iiosterior ventral segment, .and corresponds to the ischium, whilst the coracoi^ 
process is the remains of the anterior ventral segment (precoracoid), and is liomodynamous with 
the pubis. 

In no jiart di* the skeleton does function react so much on structure a? in the arrangement of 
the constituent parts of the pectoral or ])elvic girdles. In man, owing the assumj)tion of the 
erect position and the l)ij)edal mode of iirogression, the i)clvic girdle acquires those characteristics 
wliich are essentially human, viz. its great relative breadth and the expansion of its iliac por- 
tions, which serve as a siij^iiort to the abdominal viscera, and alsr furnish an extensive origin to 
the poyerful mii^jcles which control the movements of tlie liip-joint. The stability of the pelvic 
girdle is e»suredH)y«'t]ie nature of its union with the axial skeleton, as well as by the osseous 
lusion of il;s seA'cral jiarts, and their union in front at the symphysis pubis. 

In man, since the (»rectiou of the fi^ire no longer necessitates the use of the fore limb 
as a means of supjiort, tlic shonlder giidle has become modified along lines which enhance its 
mobility nnd determine its utility, in association with a prehensile limb. Some of .its parts 
remain ijidependent (clavicle and scapula), and arc united by diarthr^ial joints, whilst others 
have hecoine much reduced in size or suppressed (coracoid -precoracoid, see awie). ® The dorsal 
part of the girdle (scapula) is not directly united with the axial skeleton as is the ilium, but is 
only indirectly joined to it through the medium of the clavicle, which is linked in front with the 
pi'csternum. The same* underlying princijdes determine the differences in mobility and strength 
between the shoulder, elboAV, and wrist, and the hiji, knee, and ankle joints of the fore and hind 
lind^s resiiectivcly, whilst the utility of the hand is further enhanced by the movements of pror 
nation and suinuatiou which occur between the bones of the forearms. In tlje leg such move- 
ments are absent, as they would interfere witJU the stability of, the limb. 



THE AETICUfjATlONS OR JOINTS. 


AItTIffiOLOGY. 


By David Hepburn. 


Arthrology is that brancjh of human anatomy which treats of the articulations 
or j^nts. 

An articulation or joint constitutes a mode of •union or connexion subsisting 
betjveen any two separate segments or parts of the s'keleton, whether osseous or 
cartilagiiious, and having for its inimary object either the preservation of a more 
or less rigid continility of the parts joined together or else tx) j)crmit of a variable 
degree of mobility, subject to the restraints of the uniting media. 

Glassification of Joints. — In attempting to frame a classification of the 
numerous- joints in the body, several considerations must bo taken into account, 
,viz. the manner and ^sequence of their aj)pearance in the embryo ; the nature of the 
uniting media in the adult, and also the degree and kind of movement permitted 
in those joints whore movement is possible. * 

In this way we obtain two main subdivisions of joints : — ^ 

j^l) Those in which the uniting medium is coextensive with the opposed sur- 
. faces of the bones entering into the articulation, and in which a direct 

union of these "surfaces is thereby effected. 

(2) Those in which the uniting medium has undergone more or less oMnten'up- 
» tion in its structural continuity, and in which a cavity of greater or loss 

extent is thus formed in the interior of the, joint. 

To the first group belong all the immovable 'joints, many of wMch arc likewise 
of temporary duration ; to the second group belong all joints which possess os their 
outstanding features mobility and permanence. 


• SYNAETHROSES.* 

The general characteristics of this group are partly positive tod partly nega- 
tive. Thus .there is uninterrupted union J;)etween the 
opposed surfices of the bones joined together at the plane 
of th^ articulation^ i-e, there is no trace of a joinj ca\fity, 
aild 'further, * thete is an entire absence of .movement. 

'DevelbpmentaUy, these joints result^ fr^ the approxi- 
m^tipn of ossific processes which have commenced from 
Be;|^rate centres of therefore the nature 

of the ; uniting medito the bones 

thub jdiiaed together have priginaUy ossified in niembrane 
or in cart^ In 5he former case^ union is eflfected by 
an interjK^d with and 

corre^hd^^ 
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Intwrvreiiiiit 

iiyaliiio 

carti]u(;e 


ossification, and thus the plane of articulation becomes obliterated) so th%t direct 
structural continuity between the osseous segments takes place. The primary 

features common to all synarthroses are — (a) continuous 
and direct union of the opposing surfaces ; Q&) no joint 
,, cavity ; (c) no movement. 

Suture. — This form of synarthrosis is only found in 
connexion with the bones of the skull. In a large 
dumber of cases the *bones which articulate by suture 
present irregular interlocking margins betweeia which 
there is the interposed fibrous membrane to which refer- 
ence has already beeni. made. When tiiese interlocking 
margins present well-defined projections theyWe said to 
form true sutures — sutura vera ; on the other hand, when 
Fm. 194. —Section tiirouoi the opposed surfaces present ill-defined projections, gp, 

areas, they are described as false *• sutur€S — 
sutura notha. In each of these subdivisions the particular 
characters of the articulating margins are utilised in framing additional descriptive 
terms. Thus true sutures may possess interlocking margins whose projections are 
tootb-like (sutura dentata), e.ff. in the interparietal suture ; saw-like (sutura serrjtfta), 
(Eig. 195) e,g. in tlie interfront^iil suture; ridge-like, or comparable 
to the parallel ridges on tlie welt of a boot (sutura limbosa). 

Similarly false sutures may articulate by margins which are scale- 
like (sutura squamosa), e.g, in the squamoso-parietal suture; or by 
rough opposed surfaces (sutura harmonia), e.g. in the suture between 
the j)alate plates of the superior maxillary bones. There is one 
variety of synarthrosis which, in the adult, can scarcely be called a 
suture, although the differences are of minor importance, viz. 
schindylesis, which is an articulation between the edge of a jdate- 
like bone, such as the rostrum of the sphenoid, and the cleft in 
another, such as the vomer. 

Synchondrosis. — Illustrations of this group can only be found 
in the you«g growing individual, because as age advances, and 
growth ceases, the process of ossification affects the hyaline, cartilage which con- 
stitvites tjie uniting medium, and the plane of articuLition disappears. Under this 
heading we may include the planes of junction between all epiphyses and the 
shafts or diaphyses to which they severally belong. The oecipito-sphenoid (Fig. 
194), and the pctro-jugular articulations in the base of the skull provide other 
well-marked examples. 



MOVABLE JOINTS. 

V 

I 

The Jeading fpatules of this group are capability of movement and permanence. 
In very fe\i instknbes do such joints ever become obliterated under normal con- 
ditions. Determining their permaneace, and regulating the amount of possible 
movement, there is always more or less of interruption in the continuity of the 
structures which bind the osseous elements together. That is, there is always* some 
evidence pf jx joint cavity, although cas a matter of course such interruption can 
never be So extensive as to entirely disassociate the articulating elements. * There- 
fore in all movable joints a new class of structures is found, viz. the ligaments, by 
means of which continuity is maintained even when all the other uniting media, 
have given place to a joint cavity. The further subdivision of this -group is founded 
upon, the amount of movement permissible and the extent to which the joint cavity 
takes the place of the original continuous uniting medium. ‘Thus we obtain the- 
partly movable or amphiarthroses, and thd freely movable or diarthroses. t 

An amphiarthrosis (Fig. 198) presents the following characteristics:—^ 
partial movement; (6) union by ligaihents and by an interposM plate or dis^ ofe^ 
fibro-cartilage, in the interior of which there is,*(c) an incomplete or partial joint,: 
cavity wh:^h may be lined by a rudimentary synovial membrane who^ function it* 
is to secrete a lubricating fluid, the synovjla or * joint-oil ; (ci) a plate^^^ o^^ 
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cartilage coating each of the opposing surfaces of the bones concerned. All the 
jointTs belonging to this group occur in the mesial plane of the body. It includes 
the symphysis pubis, the joints between the bodies of the vertebrae, and the joint 
between the manubrium sterni and the gladiolus. 

A diart^osis (Fig- 196) is the most elaborate as well as,the most complete form 
ol cirticulation. It is characterised by (a) capability of movement which is more or 
less free in its range ; (&) a reductij)n of the 
uniting structures to a series of retaining liga- 
ments; (•) a joint cavity which is only 
limited by the surrounding ligaments; {d) 
the constant presence of synovial aembrane ; 

(e) hyaline encrusting cartilage which clothes Joii't 
the opposed -surfaces of the articulating bones. ™ra'!a 
The majority of the joints in the adult belongs synovuiis 
to th!b grouf). This series of joints has been synoviai 
subdivided into a number of minor sections, 
in order to dlnphasise the occurrence of 
certain well-marked structural features, or Ariieuiar 
because of the particular nature of the move- laruiaKa 
ment by which they are characterieed. % 

Although in all diarthroses there is a certain ^ JJ'AKTHuomAt. 

amou'nt of gliding movement between the 

opposed surfaces of the bones which enter into their formation, yet, wlien this gliding 
inovemeiit becomes their prominent feature, as in most of the joints of the carpus and 
tarsus, they are termed arthrodia. But bones may be articulated together so as to 
pennit, of movement in one, two, or more fixed axes of movement or in modifications 
of these axea Thus in uniaxial joints the axis of movement may lie in the longi- 
tudinal axis of the jednt, in which case the rotatory form of joint results, as in 
tlie superior and inferior radio-ulnar articulations ; or it may coirespond^with the 
transverse axis of the articulation, as in the elbow-joint and knee-joint, when the 
ginglymus ^r hinge variety results. If movement takes place about two* principal 
axes Situated at right angles to each other, as in the radio-carpal joint, ffiio terms , 
Tiaxial or condyloid are applied. Movements occurring about three principal axes 
placed at right angles to each other, or in modifications of these positiogis, con- 
stitute multiaxial joints, in which the associated structural peculiarities provide the 
alternative terms of enarthrodial or ball-and-socket joints. 

• 

STRUCTURE^* WHICH ENTER INTO THE FORMATION OP JOINTS. 

The structures which enter into the formation of joints vary with the nature 
of the articulation. In every instance there are two or more^ Skeletal elements) 
whether bones or' cartilages, and in addition there are the uniting media, whieh are 
either simple or elaborate according to the provision made for rendering \he joint 
more or less rigid or capable of movement. We have already seen that the uniting 
medium in synarthrodia^ joints is a remnant of the conynon matrix, whether fibror 
vasp.ii1ai» Tnptnhran e nr' hyaline cartilage, in whjoh ossification has extended from 
separate .cgntres. Am the amphiarthtoses there is still extensive unicfii between 
the opjposihg 'surfaces of the articulating bones, but the character of the uniting , 
mediuih haiJ advaheed froi^ embryonic tissue to fibrous and flbro- 

oartilagittbus material, ds well fts hyaline cartilage. These, witlf very few exceptions, 
are perniahetit, nen-pssifying tfubsten<^^ may be seen between the oppo^g 

osseous surfaces pFtwpyertebral hodiea 

is cpnfinedrtP the oehtre of the fibrpHsa^ile^ plate, an^d may restdt ii!^^ f ue f 

soffaming or W 

of a.sj^Pviaimemlttqh'®'''' 
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articulating bones together, but to a large extent ttfey form the j)eripher)d 
boundary of the joint cavity, although not equally developed in all positions. 
Thus every diarthrodial joint possesses a fibrous or Egamentoua envelope or 
capsule which is attached to the adjacent ends of the articulating bones. For 
special purposes, particular parts of the capsule may undergo enlargement and 
thickening, and so constitute strong ligamentous bands, although still forming con- 
tinuous constituents of the capsule. 

Within the capable a series of intracapsular structures are present. Thus the 
capsule itself is always lined by a synovial membrane, which is continued from the 
inner surface of the capsule to the surface of the intracapsular portion o|^ each 
articulating bone. The part of the bone incMded within the cbpsulq consists of a 
“ non-articular” portion covered by synovial membrane, and an “ articular ” portion 
covered by encrusting hyaline cartilage. Tlie latter provides the surface which 
comes into apposition with the corresponding area of anothel' bone. In its genial 
disposition the synovial membrane may be likened to a cylindrical tube o^n at 
each end. 

Certain diarthroses pesent additional intracapsular structures^ which may be 
distinguished as interarticular ligaments and interarticular fibro-cartilages. 

Interarticular ligaments extend between and are attached to non-articular areas 
of the intracapsular portions of the articulating bones. They usually occupy the 
long axis of the joint, and occasionally they widen sufficiently to form partitions 
which divide the joint-cavity into two compartments, e.g. the costo-central, and 
certain of the chontlro-sternal joints. * 

Interarticular fibro-cartilages or menisci (Fig. 197) are more or less^cofnplete 
partitions situated between and separating opposing articular surfaces, and when 
complete they divide the joint cavity into two distinct compartments. By its 

periphery, a meniscus is rather to be associated 
with the joint capsule* than with the articu- 
lating bones, although its attachments may 
extend to non-articular areas on the latter. 

Both interarticular ligaments a®d menisci 
have their tree surfaces covered by syhovifj, 
membrane. 

Adipose tissue forming pads of varying size 
js usually found in certain localities withip 
the joint, between the synovial membrane and 
the surfaces which it covers. These pads are 
ft and pliable, and act .as packing material, 
filling up gaps or intervals in the joint. 
During movement they adapt themselves to’ 
Fiq. 197.— Diaubam of 1 . Diauthbodial Joini the changing condfeions of the articulation. 
wiTjr AN iNTKijttBTioutAB Mknisuus divid- Jq addition to merely binding together two 
paktSts.”^* or more articulating bones, ligaments perform 

'■'very important functions in connexion with 
the different movements taking place at a joint. They do not appreciably lengthen 
under strains, and thus ligaments may act as inhibitory structures, and by becom- 
ing teipje may restrain or check moVement in certain directions. t 

Synovial inemliraiies, in tins form of closed sacs termed synovial burse, are frequently: fotxnd 
in other situations besides the interior of joints. Such biirsaj are developed for the purpose of 
i-educing the friction, (a) Ijetween the intemimeut and certain prominent subcutaneous- bony pro- : 
jections, as, for instance., the point of the elbow, or the front surface of the patella (subcntaneoiu 
syiiovial bursii;); (6) between a tendon and some surfinse, bony or cartilagmous, :oyer which it ; 
plays (subtendiuous synovial bursas); (c) between a tendon or, a group of tendons and the wallsy 
of osteo-fascial tunnels, in which they play (thecal synovial bursin). Suhtendinous syndvial /; 
bursae iire often placed in the neighbourhood of joints, and in suoii cases it not infrequently s 
hjpi^eiis that there is a dij-ect continuityibetween the bursi and the synovial njembrano whickij 
linea the cavity of, the joint through an’aporture in the joint-capsule. i 
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• THE DIFFERENT KINDS OF MOVEMENT AT JOINTS. 

ReferencJfe has already been made to the existence of fixed axes of movement as 
a basis for the classification of certain forms of diartlirodial joints. Hence it is 
evident that the movements which are possible at any pafticular joint depend to a 
large extent upon the shape of its articular surfaces as well as upon the nature of 
its various ligaments. Therefore •tlie technical terms /lescriptive of movements 
either in^cate the directions in which they occur, or else the^character of the com- 
pleted movement. 

In the great majority of articul|itions between short bones, tlie amount of move- 
ment is so cestricted, and the displacement of the opposing articular surfaces so 
slight, that the term gliding sufficiently expresses its character. 

A gliding movement of an extensive kind, for example tljat of the j)a'tella n2>on the femur, in 
whidh tlie iriOvement largely resemhles that of the tyre of a wheel i*evolviiig in contact with tlie 
ground so that different jiarts are successively adapted to each other, is calleil co-aptation. 

ArtioulatiSns between long bones, on the other hand, are usually associated 
with a jiiuch freer range of movement, with a corresponding variety in its character. 
Rotation is a movement about an axis which is longitudinal. Sometimes it is the 
only form of movement which a joint possesses ; at other times it is merely one of a 
serip of movements capable of execution at the same joint. Flexion or bending is 
a movement in which the formation of an angle between two parts of the body is 
an essential feature.* As it is possible to perform this moveinftnt in relation to two 
axesT vHfe. a transverse and an antero-posterior axis, it is necessary to introduce 
qualifying terms. Thus, when two anterior or ventral surfaces are a2)i)roximated, 
as at the hip-, elbow-, or wrist-joints, the movement is called ventral, anterior, or 
^palmar flexion ; but if posterior or dorsal surfaces be approximated by the process of 
bending, then the fleiion becomes posterior or dorsi-flezion, as at the knee- or wrist- 
joints. Further, at the wrist-joint, the formation of an angle betweeif the ulnar 
border of the hand and the corresponding aspect of the forearm, produces ulnar 
flexion, ^d similarly the bending of the hand towards the radial border of the 
. fore&rm is radial flexion. » * • 

Extension or straightening consists in obliterating the angle whicli resulted from 
flexion. In the case of certain joints, therefore, such as the elbow, wrist, awid knee, 
,the segments of the limb occupy a straight line as regards each other when 
extended.^ ^ 

At the ankle-joint the natural attitude of the foot is fhjxion at a right aiigls to tlie leg. Tlie 
diminution of this angle by a})proxiiiiatiTig the dorsum of the foot towards the Iroiit of tlie leg 
constitutes fiesdon ; while any effort at placing the foot and leg in a straight line, i,e, obliteration of 
the angle, as in pointing the toes towards the ground and raising the heel, constitutes extension. 

Abduction is a term which either expresses movement of iun entire limb, in a 
direction away from the mesial plane of the body, or of a digiCr away ffom the 
plane of the middle finger in the hand, or the plane of the second toe in the case 
of the foot. f ^ 

Adduction is the ^reverse of the foregoing, and signifies movement tojjvards the 
mesiaf plane of the body, or towards the planes indicated for the digits^of the hand 
and fbotr^ ^ ^ * . * . ^ 

GiTOiundiuctioii is a movement peculiarly characteristic of multiaxial or ballf- 
and-SQcket joints. Jji cons^ts in combining such angular^movements as flexibn/ 
extension^ abduction, and adduction, so as to continue the one into the otUejf* 
whereby the joint forms the apex of a cone of moveme;at, and the free end of the 
Umb 'trayels thrbugh-a cirofo basis of this cone. 
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manner of their apj^earauce forecasts their ultimate destination as immovablet 'or mov- 
able arrangements. 

All joints arise in mesodermic tissue which has undergone more or l^ss differentia- 
tion. 

AVhen^this differentiation has produced a continuous membranous layer, in which 
ossific centres representing separate skeletal segments make their appearance, we get the 
primitive form of suture. The plane of the articulation merely indicates the limit of 
the ossific process extendiilg from different directions. If, again, the differentiation of 
the mesoblast has resullcd in the formation of a continuous cartilaginous layc^ in which 
ossification commences at separate centres, the plane of the articulation is marked 
out by the unossified cartilage — in other words, the articulation is a synchondrosis. Ulti- 
mately this disa})pears through the extension of the^ process of ossification. , 

To some extent sutures also disappear, although their complete obliteration is not 
usual even in aged people. Developmcii tally, therefore, synarthroses or immovable 
joints do not present any special structural element, and, speaking generally, they ^ar»9 
only a temporary existence. ^ 

The development of all movable joints is in marked contrast to that 'of synar- 
throses. Not only are they permanent arrangements so far as concerns nofmal conditions, 
but they never arise merely as planes which indicate the temporary phase of an ossific 
process. From the outset they present distinct skeletal units, from which the special 
structures of the joint are derived. 

The primitive movable joint is first recognised as a mass of undifferentiated 
mesodermic cells situated between two masses, which have differentiated into pripiitive 
cartilage. 

^ II « I 

The cell-mass which constitutes the joint-unit presents the appearance of^ a thick 
cellular disc, the proximal and distal surfaces of which are in accurate apposition witli the 
primitive cartilages, while its circumference is defined from the surrounding mesoderm by 
a somewhat closer aggregation of the cells of which the disc is composed. From this 
cellular disc or joint-unit, all the structures characteristic of amphiarthrodial and diar-^ 
throdial joints are ultimately developed. ^ 

Thus hf the transformation of the circumferential cells into fibrous tissue, the invest- 
ing ligaments are produced. Within the substance of the disc itself, a transverse cleft, 
more or losf^well-dofined and complete, makes its appearance. In this mariner the disc is 
divided into proximal and distal segments, separated from each other by an interval 
which is the primitive joint-cavity. This cleft, however, never extends so far as to inter- * 
rtipt the continuity of the circumferential part of the disc which develops into the fibrous 
tissue o^ the investing ligaments. From the proximal and distal segments of the 
articular disc, the various structures, disthictive of movable joints, are developed. ’ •' 
Tims, in amphiarthrodial joints the cellular articular disc or primitive joint-unit gives 
origin to the following utructures : — From its circumference, investing ligaments; from 
its interior, the fibro-cartilaginous plate or disc in which an imperfect joint-cavity with 
corresponding imperfect synovial may be found. 

In the case of a ^ diarthrodial joint the changes take place on a more extended scale. 
The joint-cavity bcco,uies a prominent feature, in relation to which, the surrounding 
fibrous stnicturesj'^forni an investing capsule, lined by a synovial membrane. 

When a*" single cleft arises, but does not extend completely across the longitudinal axis 
of the articular disc, the undivided portkn develops into fibrous interarticular ligaments. 
On the other hand, when two transverse clefts are formed, that portion of the cellular 
disc which*remains between them becomes transformed into a fibro-cartilaginous^ inter- 
articular (liscrpr meniscus, which in its turn may either be complete or incomplete, and 
thus we may obtain two distinct synovial joint cavities belonging to one articuluxion.^ 

In considering the development of the synovial membrane, and the surfaces on which 
it is found in the interior: of a joint, it is necessary to keep jclearly in mind that a synovial 
membrane is a highly specialised structure, whose function it is to secrete a lubricating 
fluid or synovia, and that, therefore, its position is determined by the essential necessity 
of proximity to a direct blood supply. In other words this condition of secretion is pro- ; 
vided by all parts of the interior of a joint-cavity except the articular encrusting carti- 
lage. Consequently synovial membrane is only absent from the free surface of articular 
cartilage, ^ 

i ^Froin a soriod of obsorvations upon tlio dfavelopment of diaxthrodial jointi, the writer conf idere that 
there ib evidence to sho# that the cellular articular disc ” is directly responsible for the pr<Sluctipn:0^ 
the epiphyses^ which adjoin the completed joint cavity, and that, among such amphiarthrosc» as exist . 
between the bodies of vertebne, not only the intervertebral disc, but the proximal and distal epiphyses 
which ultimately unite with the vertebral bodies have a common origin in the joint-uniti 
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It is not necessary tb^suppose that the synovial membrane has disappeared from these 
articular cartilages as the result of friction, because, notwithstanding constant friction, 
such parts as the interior of capsular ligaments or the semilunar cartilages of the knee- 
joint have ndt been denuded of their synovial covering. 

MORPHOLOGY OF LIGAMENTS.* 

From what has been said in connection with the developiiieiit of joints, it will bo evident 
that ligaments are essentially products derived from the cellular aifticiijar disc. 

Nevertheless, in relation to the fully-formed joint, many structures are described as ligaments, 
which do not take origin in the manner just indicated. Some of these ligamentous structures 
remain fairly distinct from the capsular ligaments with which they are iinuiediately associated ; 
others become thoroughly incorporated •ivith the capsular ligaments and cannot be separated 
therefrom, while yet others may be found situated within the capsule of a joint, and thus play 
the part of interfCrticular ligaments. 

Instances of each of these forms of adventitious ligaments may be readily given. For 
ei:aim)le, we may instance the ex])ansiou of the tendon of the semimembranosus muscle to the 
posterior ligSment of the knee-joint, and the offshoots from the tendon of the tibialis posticus 
muscle to the plantar aspects of various tai*sal bones, as illustrations of structures whicli jjlay 
an important pa.yt as ligaments, hut are not indelibly incorporated with the joint capsule. 

Of structures which have become indelibly incorporated with the primitive capsule, we may 
instance the broad tendinous expansions of the quadriceps extensor muscle around the kne(».-joint 

The internal lateral ligament of the same joint is reganled as a detached portion of the 
tendon belonging to that part of tlie adductor inagnus mjiscle wliicli takes origin from the 
ischium, while the extenial lateral ligament of the knee is considered by some to be the j)J‘iiiii- 
tivejfemoral origin of the peroneus longus muscle. Anotber illustration of the same condition 
is found in the cpraco-hunieral ligament, which is regarded by some as representing a detached 
portion of the pectoraliS minor muscle. • 

Two illustrations may he given of structures playing the part of ligaments within the 
capsule of a joint, although in the first instance tfujy are not (ieveloped os ligaments. It is 
questionable if the ligameu turn teres of the hip-joint is an int(u*articular ligament in the true 
sense of the term ; it has been regarded as the isolated and tlisplaced teudon. of the ambifens muscle 
^found in bii'da In the shoulder-joint, jnany observers look upon the superior gleno-liii moral 
^ligament as represen tatite of the ligamentum tert^s. 

Such structures as the styloliyoid ligament and the internal lateral ligament of tfie temporo- 
mandibular joint, although described as ligaments, are in reality skcjlctal parts which Imve not 
attained thejr comi>lete ossific development. . • . . 

Again^certain portions of the deep or muscular fascia of the body which become specialised 
into Restraining and supporting bands {e,g, the ilio-tibial baud of the fascia lata ; the ?tyfo-mandi* 
**huhir ligament; the anterior and posterior annular ligaments of the wrist-joint ; the anterior, 
inner, and outer annular ligaments of the ankle-joint), altlioiigli called ligaments^ have, no 
direct developmental association with articular ligaments. 

• Lastly, the ligament of Poupart and the ligament of Gimhemat, being special developments 
in connection with an expanded tendon or axioneurosis, are still further removed from associa- 
tion with an articulation. . * . ^ 


LIGAMENTS OF THE VERTEBKAL COLUMN AND SKULL. 

AH vertebrae, with the exception of those which deviate from the common 
Vertebral type, present two sets of articulations whose various ‘^atts a«e arranged 
upon a uniform pattern. Thus eveiy pair of, typical vertebras presents an articula- 
tion between the centra, termed int^central, and a pair of articulations between 
the nejural archw, called intetneuxal. With the lattef there are associated various : 
important acoeSsory ligaments which bind together laminte, spinous proc^ses, and 
transve^^-proceiiseB.' 

llStei^ntral 4jiaeal^^^ are amphiarthrodial joints. Singly, they 

preslht oily a s%hb degree of mobility, but when this amount of mbveihent is 
added tb; t^ of tbe whole series, the range of movement of the spine beebmeS 
considerables The articular surfaees aib the flatt^^ surfaces of adjacent vertehcal 
hbdiei ; They ar^^^ together by the following stnKstures :-r- 

• Fig. 

accbmmbtotes itself to 
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anterior convexity which characterises the spinal column imthese two regions. In 
the dorsal region the discs are thinnest on their anterior aspects in correspondence 
with the anterior concavity of this section of the spine. 

Each disc consists of a circumferential portion (annulus fibrosus)J form^ for 
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Fia. 198. — Mesial Section through a Portion op the Lumbar Part op the Spine? • 

the most part of oblique parallel fibres running from one vertebra to the other. 
Horizontal fibres are also found. The axial or central part of the disc is elastic, 
soft, and pulpy (nucleus pulposus).^ , • 

The upper and lower surfaces of the disc are closely adherent to the adjoining 

Anterior common ligamont 
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Fid. 199. — Anterior Common Ligament of the Vertebral Column, and th^b Costo- vertebral 
I Joints AS SEEN prom THE Front. . ^ 

epiphyseal plates of the vertebral bodies, and as ossifiaation advances, the distrmc^ 
tion between epiphyseal plates and vertebral body disappetus. ' - 

As a rule the transverse diameter of the disc conl^d^nds te l^at of the Verter^: 
brat ^bodies \vhioh, it joins together*; but in the, cervical r^bn, where the lower 

^ This piUpy substance doe? not present a joinir cavity, but in ewtain cases it is ihoro;or iew itSirldiid; 
by fissures which occupy a transverse horizontal direction. ' v 
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margin 6^th6 superimpoBed vertebra is overlapped on each side by the one which 
bears it, tne disc does not extend to the extreme lateral margin, and in this position 
a small diarthrosis may be seen at each lateral margin of the disc. 

The antefior common ligament (lig. longitudinale anterius, Fig, 199) consists 
ol a wide stratum of longitudinal fibres which extends from the front of^the axis 
vertebra to the front of the upper segment of the sacrum* and becomes gradually 
wider from above downwards. It lies in front of the intervertebral discs, to which 
it is firmly attached as it passes frofti one vertebra to the othef. Its fibres vary in 
length, ^ome are attached to contiguous margins of two adjoining vertebra^/ j 
others pass in front of one vertebra to be attached to the next below, and yet 
others find their lower attacliment tjiree or four vertebroa below the one from whicli 
they started.* None of the fibres are attached to the transverse depression on the 
front of a vertebral body. 


Inti^rvcrlu- 
bral llbro- 
cartiUiginous 
diH» 


^ The posterior common ligament (lig. longitudinale postcrius, Fig. 200) is Ibund 
withia the spinal canal upon the posterior aspect of the vertebral bodies. It con- 
sists of longitudinal fibres, and it extends from 
the back of the gacrum to the axis vertebra, superior 
to which it is continued to the skull as the posterior 
occipito-axial ligament. Oi)posite each interverte- 
bral (fisc it is attached to the entire width of the 
adjacent margins of the two vertebral bodies, its 
fibres being continued over the posterior surface of 
the disc. In the lunibar and dorsal regions, tlie 
widtl\ oj^ the ligament is considerably reduced 
opposite the back of each vertebral body, and thus 
it forms a series of dentate projections along both 
of its margins; but in the cervical region the 
width of the ligament ^s more uniform. 

One or two large thin-walled veins escape from 
the body of each vertebra under cover of this liga- 
ment. 

Ipteraeural Articulations. — The neural arch 
^f each typical vertebra carries two pairs of 
articular processes, by means of which it articu- 
lates with adjacent neural arches, flChe articu- 
fcitions between these processes are true diartllroses 
of the arthrodial variety. 

The distinctive characters of these articular sur^ 
faces, as regards their shape and direction in the different groups of vertebras, have 
been referred to in the section on osteology. 

All these articulation^ are provided with complete but very thin-walled cap- 
sules (capsulsB articulares), which are thinnest and loosest in the cervical region, 
where also the movements are freest. Each capsule is lined M)y a* sihioviaA 
membrane. ^ 

Associated with these interneural joints are certain ligaments which are 
accessory to the articulations, although they are quite distinct from the c^sula 
The laminae: of adjoining vertebrae are boun^ together by the ligamenta^subflava 
(Ugamen A flava vel subflava, Fig. 20 consist of yellow elastic fibres. The 

Ugamehta subflaya close the spinal canal in the intervals between pe lamin®. 
Each Ugament is att^hed superiorly to the anterior aspecl^ of one lanDuna at a 
short distatace above^^i^ border, and inferiorly it is attached to the posterior 

aspect of "tha-i^ ^ ' r V- 

In%#:dOrsal regioh, where the im is a prominent 

X . i as thejr 



J 'lo. 200.—?pBTBJiibii Common Ligambnt 
OF thb^Vbhtedr^t^ Column. 
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lumbar, and weakest in the dorsal region. Each consists of layers of, obliquely 
interlacing fibres which spring from near the tips of the two adjacent spines and 



radiate to their opposing 
margins. In the antero- 
posterior direction they 
extend from the base to 
the tip of the spinous 
process. 

The supraspinous liga- 
ments (ligg. 'Supra- 
spina)ia,Eig. 198) consist 
of longitudinal bands of 
fibres orvarying lengths. 
They extend from spijpe 
to spine, being attadied to 
their tips, and are situated 
superficial to, although 
in continuity with, the 
interspinous Hgan^ents. 

In the cervical region 
this series of ligaments 
is extensively developed, 
where they project back- 
wards from the spinous 
processes between the 
muscles of the two sides 
of the neck in the form 


Fig. 201. — Lioamknta Subflava as seign fbom the Front after Be. qJ elastic t)artition 

MOVAL OF THE BODIES OP THE VEUTEBlliE BY SAWING THROUGH THI I* . 

Pediclk^h. called the ligamentum 


nucliae. 


The antero-posterior extent of the ligamentum nucha) increases as it approaches 
tlie occipi.t, where it is attached to the occipital crest from the external occipital 
‘protuberance to the posterior border of the foramen magnum. Its posterior margin 
is. free,^and extends from the external occipital protuberance to the spine of the 
vertebra prominens. 

Between tlie transverse processes there are intertransverse ligaments (ligg. inter- 
transversaria), which consist of vertical fibres extending from the postero-ihferior 
aspect of one transvefee process to the superior margin of that next below. These 
ligaments are generally absent from the cervical and upper dorsal regions. 

Sacro-coccygeal Joint. — The last piece of the sacrum is joined to the first 
piece of the coccyx by an intervertebral disc, and the junction is rendered 
more ^cure by the presence of certain strong Ugaments. An anterior ligament 
(lig. sacro-coccygfeum anterius), continuous with the anterior common ligament, is 
placed in front. A posterior ligament (lig. . sacro-coccygeum posterius), which 
stretches downwards from the sharp border of the lower opening of the sacral 
canal, stvengthens the join^ behind. A lateral ligament (lig. sacro-coceygeum 
laterale), si>pports the joint on each side, whilst strong bands pass betjween the 
cornua of the two bones and constitute the interarticular ligaments. . 


Inter-coccygeal Joints. — So long as they remain separate, the different pieces ■ 
of the coccyx are joined by intervertebral discs and by anterior and posterior liga^ 
ments. 


Movements of the Vertebral Column. — ^Although the amount of movement permissible 
between any two vertebraB is extremely limited, yet the totaj range of movement capable of ; 
being attained by the entire vertebral column is very considerable. ^ 

Flexion may occur both forwaids and backwards at the intercentral articulationSy but more' 
froyly in the lumbar and cervical regions tbfiin in the dorsal region, where^ thfe hmited am^junt of 
intervertebra;! disc and the imbrication of the laminae and spines restrict the movemei^ 
ward flexion is most pronounced in the cervical region,"' and lorwaid flexion in the lumbar reg^pn. " 
Between Ijie articular surfaces of the interneural articulations a variety of movements ai^ per^ 
mitted, dependent upon the directions of these B|pfaceK V *. " 
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Tiius lateral flexion is permitted in the lumbar, but not in the cervical* or dorsal regions. 
Again, in Hiie lumbar i-egion rotation does not occur, owing to the shape of t;he articular pi*ocesses, 
while it is possible in the dorsal region. In the cervical region the shape and jjosition of the 
articular surfaces ijrevent the occurrence both of laUn'al flexion and of rotiition as isolated move- 
nieiits, but a combination of these two movements may take place, whereby rotatory movement 
in an oblique median axis results. Finally, in the lumbar region, by comllining the four forms 
of flexion, viz. forwaid, backwaid, and lateral, a certain amount of circumduction is possible. 


Articulatiok of Atlas with A^is. 

Between these two vertebrte three diarthroses occur. Two of them are 
situated laterally in relation to the articular processes, and are called arthrodial 
diarthroses, hecause of the flattened* nature of the articulating surfaces. The third 
articulation is mesial in position. It is found between the sinootli anterior surface 
of the odontoid process of the axis and the articular facet on tlie posti5rior aspect of 
tke anterior arch of the atlas. This joint is a rotatory diarthrosis. 

LTgamdhtS. — Each of the joints is furnished with a capsular ligament whereby 
the joint cavity is circumscribed. In the case of the lateral articulations, each 
capsular ligauuftit presents a distinct bund, named the accessory ligament, which is 
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Fia. 202 .— Mbsial Sbotion through thb OcoinTO-AT/AiiD and ATho-AXOiD Joints. 


situated within the* neural canal (Fig. 203), and passes downwards and inwards 
from the lateral mass of the atlas to the superior aspect of the body of the axis. 

The following additional ligaments constitute the leading bonds of union : — 

The anterior atlo-azoid ligament (Fig. 202) is a membranouEf str\jcture which is 
thin laterally, but strong mesially where it is thickened by a prOlohgatien of the 
anterior common ligament. It extends from W;he anterior arch of the atlas to the 
front of the body of the axis. 

Th^ posterior ,atlo-axoid ligament (Fig. 202) ocedpies the position which is 
elsewhere^ taken by the ligarnenta subflava. It extends from the po^e:^Qr arch 
of the atlas to the upper border of the neural arch of the axis, ^ • 

The traasyerse^Ugament of the atlas (lig. transversum atlantis. Figs, 202 and 
203) is a strong bandi, placed transversmy, which arches bwkwaids behind the 
neck of the odontoid process of the axis. By its extremities. it is attached to the 
tubercle on the inner a^ect of each lateral mai^ of the atlas, A thin plate of. 
fibro-^tilage is devel^ed in its central part, / 

aynoviai niemltraiie liuCs'-each of the'thxeh; Capsu!Ur. Ugeinento, and 
synovial ^^ Js deyeloped betv^n^^ the odWtoid-process and the tra.nsyeJ»e: ligaAient; 
This is to.oro s3cteiiBiVe than tne synoyif^ ca’ra^ihi^^Mns t^ process i 

the .--f V-r 
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Articulation of Spine with Oraniitm. 

There are two articulations between the atlas and the occiput. Each is a 
diarthrosis in which movement takes place in relation to two axes, viz. the 
transverse and the antero-posterior. The condyle of the occiput being biconvex, 
fits into the biconcave superior articular surface of the atlas, while the long axes of 
the two joints are directed horizontally forwards and inwards. 

Ligaments. — ^Each ar^culation is provided ewith a capsular ligament which is 
thin but complete. R is attached to the rough noii-articular surfaces surrounding 
the articular areas on the atlas and occiput. . 

The following supplementary ligaments are the chief structures which bind the 
atlas to the occiput : — ^ ‘ ^ 

The anterior occipito-atloid ligament (membrana atlauto-occipitalis anterior, 
Eig. 202) is a strong although thin membrane, attached inferiorly to the anterior 
arch of the atlas, and superiorly to the anterior half of the circumference o^^ the 
foramen magnum. Laterally it is in continuity with the capsular ligaments, while 
in the mesial plane, where it extends from the anterior tubercle of the atlas to the 
basi-occiput, it presents a specially well-defined thickened band wliich might be 
regarded as a separate accessory ligament or as the beginning of the anterior 
common ligament of the vertebra3. " 

Tlie posterior occipito-atlofil ligament (membrana atlanto-occipitalis posterior. 
Fig. 202) is another distinct but still thin membrane which is attached superiorly 
to the posterior half of the circumference of the foramen magnum, and inferiorly to 
the upper border of the posterior arch of the atlas. Laterally* it also is continuous 
witli the capsular ligaments. On each side of the mesial plane its inferior border 
is arched in relation to the vertebral groove, and is therefore to some extent free, 
in order to permit the passage of the posterior primary division of the first cervical 
nerve and the vertebral artery. Not infrequently this arched border becomes 
ossified, thus converting the groove in the bone into a foramen. 

Synovial membrane lines each of the cai)sular ligaments. There is no direct 
articulation between the axis and the occij)ut, but union between them is effected 
by means pf the following accessory ligaments. r 

* The posterior occipito-axoid ligament (membrana tectoria, Fig. 203) is situated* 
within the neural canal, and is usually regarded as the upward continuation of the 
posteriol common ligament of the vertebral bodies. It extends from the posterior 
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Fig. 203.— Dissection from behind of the Ligaments connecting the Occipital Sqne, the Atlas, 

AND THE Axis*^ WITH EACH OTHER. c 


sur^foce of the body of the axis to the basilar groove mn the upper surface of the 
basiwcipital bpne, spreading laterally on the circumference of the * foramen : 
magnum. Some of its deepest fibres are attached to the atlas immediately above . 
the atlo4ixoid articulation. ^ / ; : ; ■ 



Subjacent to the preceding ligament there is the ligamentom cruciatum atlantis 
(Fig. 203), a structure which is very closely associated with the lig. transversum 
atlantis. It consists of a crus transversum, formed by the superiicial fibres of 
the transvertie ligament of the atlas ; a cr%is infcrius, consisting of mesial longi- 
tudinal fibres which are attached below to the posterior surface of the bo^y of the 
axis, and above to the crus transversum and a crus suyerius, also mesial and 
longitudinal, whose fibres extend from the crus transversum upwards to the 
posterior surface of the basi-occiJ)ut, immediately sul^aceyt to the posterior 
occipito-axoid ligament. 

The cfieck ligaments or lateral odontoid ligaments (ligameiita alaria, Fig. 203) are 
two very powerful^ short, and aome\jhat rounded bands. I'hey are attached mesially 
to the . sides* of the summit of the odontoid process, and laterally to the tubercle 
on the inner aspect of the condylar portions of tlie occipital bone, viz. the ex- 
occipital bones. 

* TJ^e middle odontoid ligament (ligamentum apicis dentis, Fig. 203) consists of 
fibres running vertically upwards from the apex of tlie odontoid process to the 
mesial part ojj the anterior margin of the foramen magnum. This ligament 
to some extent represents an intervertebral disc, in the centre of which, remains of 
the notochord may be regarded as x)resent. 

E^en in advanced life a small lenticular mass^of cartilage, completely sur- 
rounded by bone, persists in the plane of fusion between the odontoid process and 
the body of the axis. 


Movements at these Joints. — ^At the joints between occiput and Atlas the inovcinenlfl avo 
very siinj^e, and consist essentially of inoveinents wh(n.*eby the head is idcvatcd and dcjnvssod 
npon the vertebral colniun (nodding movements). In addition a certain amount of f»l)li(U!(3 
movement is possible, during which great stability is attained by resting the front and liinder 
parts of opjiosite condyles upon corresjjonding parts of the atlas. i i 

The head and the atlas rotate together upon the axis, the pivot of rotation bein^ the odontoid 
process, and the amount Sf rotation is limited by the check ligaments. No rotation can occuir 
t^tween tlie oceiput and atl^, and 

stability between atlas and axis is (luiteriur ami posterior ptirts) 

best attained after a slight amount 
of rotation, similar to the oblique 
movement between occiput and 
‘ litlas. 

TEMPORO-MANDIBULAR 
• JOINT. 

This joint is an arthrodial 
diarthrosis. It occuts between 
the articular part of the glenoid 
fossa of the temporal bonc,and 
the condylar head of the 
mandible. These two articular 

surfaces are markedly dissimilar 

both in size and shape. In its 
general Outline the articular 
surface of the" head of the 
mandible Is cylin^ricalj, having 
its long 

within outyrards afid fwwaiSa 
On the oth^ hand, the articular 
part of tbe; glenoid ^ in 
front of the: Glaseriaif fi^^e 

is concavo-convex from b^ . . . , , , . ; 

fbrw^d^ t te artfe^^ i^nentia 

. the ^ 
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Fjd. 205 . — Section throuoh the Temporo- 
mandibular Joint. 


plete, but is very thin on tho inner side. The outer wail of the capsule — ^tlle 
external lateral ligament (lig. teinpor9-mandibulare, Fig. 204) — is divisAle kito 
anterior and posterior portions which are attached superiorly to the root tubercle 
p, and lower border of the zygoma, and 

inferiorly to the outer side and posterior 
border of the neck of the mandible. The 
direction of its fibres is downwards and 
backwards. 

Within the capsule there is ^n inter- 
articular disc or meniscus'of fibro-cartilage, 
the disQTis articularis (Fjg. 205), which is 
moulded upon the condyle of ttie mandible 
below, and on the articular' surface of the 
temporal bone above. It thus compensates 
for the incongruity between the artxBular 
surfaces of the two bones. The disc is 
attached circumferentially ^.o the capsule. 
It is widest in the transverse direction, 
thicker behind than in front, and thinnest 
towards the centre, where it may be per- 
forated. Its anterior margin is intimately associated with the insertion of the 
external f)terygoid muscle. , » 

A synovial membrane lines each of the compartments i^ito which the joint 
cavity is divided by the meniscus. As a rule these membranes are separate ffrom 
each other, but they become continuous when the disc is perforated.*^ The upper 
synovial membrane is larger and more loosely disposed than the lower. 

Situated on the mesial aspect of the joint, but at a short distance from it, and 
quite distinct from the capsule, there is an accessory ligament called the internal* 
lateral lige;ment (lig. spheno-mandi- 
bulare, Fig. 206). Superiorly it is 
attached tO the spinous process of the 
, great wing of the sphenoid bone, and 
inferiorly to tlie lower as well as the 
hinder ^ border or lingula of the 
inferior dental foramen. It is not an 
articular ligament in the true sense, 
for instead of being cbnnected with 
the joint, it ‘ is developed in the 
tissue surrounding part of Meckel's 
cartilage. 

Portions of tli^'j following structures are 
found in tlie inte'lvM between the splieno- 
inandibular ligaineiit and the ascending 
ramus of the mandible — viz. the cxternal*^ 
pterygoid muscle; internal nnjxillary vessels; inferior dental vessels and nerve; middle 
incningear vessels ; auriculo-temporal nerve ; a deep portion of the parotid gland. 

* ■ . 

Movemehts of the Mandible. — The’ nature of the movements whicli the lower jaw can 
perform is determined partly by the character of the articular surfaces of the temporo-mandibular 
joint, and jiartly by the fact that, while the two joints alwayjs act simultaneously, they may 
also, to some extent, iierform the same movement alternately. # t 

When movement takes place through the long or transverae horizontal axis of each joint, 
the mandible may he elevated, as in clenching the teeth, or it may he depressed, as. in gaping. 
In the latter movement the condyle leaves the glenoid fossa, and, al^ng with the meniscus, it 
moves forwai-ds until they rest upon the articular eminence. ^ Meantime the chin describes the 
arc of a circle, of which tlie centre or point of least movement corresponds to the position p£ the 
inferior dental foramen, and thus the structures which enter at that foramen are protected 
against stretching. Coincidently with the forward ^movemfent of the <2pndyle, it glides i?i a 
revolving manner pjjon the infei’ior aspect of the meniscus. ^ / 

At any stage in the movement of depressing the chin the mandible inay be pkitruded^ so^ 
that the ijiferior incisor teeth are projected in front of the iipper set, a movement wHich residti^^ 
from the condyles of the. jaw being drawn forwards 'upon tie articular eminences. ; 



Fio. 206. — Internal Lateral Ligament op the 
Temporo-Maxillary Joint. 
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relation of the condyle to'the articular eminence occurs dbring the exaggerated depression of 
the* mandible which results from yawning, in which position the articulation is liable to be 
dislocated. ^ When the two joints perform the same movement alternately, a certain aumunt of 
lateral motioti results, from the fact that the long axis of each joint presents a slight oblicpiity 
to the traiisverse axis of the skull, and consequently a grinding or oblique movement in the 
horizontal plane is produced. Excessive denression, with the risk of dislocation, i» resisted by 
the fibres of the external lateral ligament which becomes tense. 

In all movements of the mandible the meniscus conforms closely to the position of the con- 
dyle, and they move forwards and bncftwards , together, but at tl/b same time the meniscus does 
not restrict the movements of the condyle. Thus while the meniscus, Wong witli the condyle, is 
gliding ujion the femporal aspect of the joint, the condyle itself revolves upon the inferior 
surface of the meniscus. 

• • ’ ' 

Cbanial, Ligaments not directly associated with Articulations. 

. The Btylo-mandibular ligament (lig. stylo-mandibulare, Figs. 204 and 206) is a 
specialised* portion of the deep cervical fascia wliich extends from the anterior aspect 
of the tip of the styloid process of the temporfil bone to the posterior border of the 
angle of the raandible, between the insertions of the massetcr and internal pterygoid 
muscles. 

IJhe pteiygo-spinous ligament (lig. pterygo-spinosum) is a membrane extending 
from the upper part of the posterior free margin o^ the external iiterygoid plate, 
backwards and slightly outwards, to the spinous process of the sphenoid. An 
intesval is left between its upper border and the lloor of the skull for the outward 
passage of those branches of the inferior maxillary nerve which supply the 
externai pterygoid, temporal, and masseter muscles. This ligament has a tendency 
to ossify either wholly or partially. 

The stylo-hyoid ligament (lig. stylo-hyoideuin), may be regarded as the down- 
ward continuation of the styloid process of the temporal bone. Inferiorly it is 
• attached to the lesser cornu of the hyoid bone. It is not infrequently ossilied, in 
which case it constitutes the epihyal bone found in many animals. • 
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Oosto-vertebral articulations (articulationes oosto-vertebrales). Tlve typical 
,rib articulates with the vertebral column, both by its head and by its tubercle. 
Thus, two sets of articulations, with their associated ligaments, exist between the 
ribs and the vertebrae, but each set is constructeji upon a* j^ommon plan, with the 
exception of certahj joints situated at the upper and lower ends of the series, where 
the ribs themselves deviate from the typical form. 

Oosto-Cbntbal Joints. 

The articulations of the heads of the ribs with the centra oiT bodies of 
the vertebrae: (articulationes capitulorum, Fig, 199) are all diartbroses, which, fi’om 
their somewhat hinge-like action, may bo classed as gjnglymoid. 

The head .of every typical rib is wedge.-.ehaped, and presents two* articular 
facets, am upper and a lower, separated fro^ each other by an antero»^osteri6r 
ridge which , abuts against an intervertebral msc,' while the uticular facets artipu- 
late with similw Surface the contiguous margins of the two vertebrae adjoining - 
the disc. These surleioes fbrm a we^^^ br cup, the bottom of 

which is ihore plftstic^ t^^^^ sides, and thus ah arrangement is provided whieh 
tends to reduce the shock of blowS: upon the wadis of the chest. 

Ea^ 0 ^^^^ with ; a cassular ligament 

shtiouhil^': ;ahA ehhlos^ the^ j^ to contiguous , nonyhiticular:;: 

m^gihs'hh the hi^d of theiilb:jMmJ||eil!irq^' y«!i^bra^^ 

veh tra l^ ^ ^lMA^psuIe yfesehite ^ ttfhiph cplleetlvhiy ; ftm 



262 THE ARTICULATIONS OE jOINTS. 

the upper arid lower fasciculi proceed to the adjacent margins of the two vertej)r 0 e 
between which the disc is situated, and with which the rib articulates. To a slight 
extent these radiating fasciculi pass under cover of the lateral margin of«the anterior 
common ligament of tlie vertebral bodies. In those joints in which the head of 
the rib does not articulate with an intervertebral disc, the central fasciculus of 
the stellate ligament is wanting, but the other two retain the same' geperal 
arrangement. • i. 

The interarticular *ligament (lig. capituK costse interarticulare) consists of short 
transverse fibres within the capsule. These are attached, on the one*hand, to. 
the ridge which intervenes between the two fricets on the head of the rib, and 
on the other to' tlie lateral aspect of the irfbervertebral disc." Tips ligament 
is not a meniscus, but merely an interarticular ligament, of width sufficient 
to divide the joint cavity into an upper and a lower compartment. It is absent 
from those joints which do not articulate with an intervertebral disg, i.e, ^roifi 
those ribs which only articulate with the body of one vertebra. 

Tlie interarticular ligament is supposed to represent tlie outer end of adiganient which, 
uiidcir the name of tJie lig. conjugale costarum, connects the heads of the ribs of certain, mammals 
across the posterior aspect of the intervertebral disc, and winch, in the human subject, until the 
seventh month of fcctal liJe, connects the posterior aspects of the necks of a pair of ribs across the 
mesial plane. * 

Ssmovial membrane lines each joint cavity, and therefore, in all cases wher/i* the 
joint is divided into tjwo compartments, efich one has its own synovial membrane. 


Oosto-Tuansveuse Joints. 

The tubercle of each typical rib articulates with the transverse process of the. 
lower of the two dorsal vertebric with which the head of ’the rib is associated 
(articulatid costo-transvorsaria). Near the tip of the transverse process there is 
an articular facet, on its anterior aspect, for articulation with the corresponding 
facet on tfie mesial articular part of the rib tubercle. The joint so fonji-ed is an 
arthrodial cliarthrosis. 

The joint cavity is surrounded by a comparatively feeble capsular ligament, 
which iatattaclied immediately beyond the margins of the articular facets, and in 
wliich no special bands can be distinguished. 

A simple synovial membrane lines the capsular ligament in all cases where the 
latter is present. ^ 

The following accessory ligaments, in connexion with this joint, strengthen and 
supjiort the articulation : — 

The anterior or superior costo-transverse ligament (ligamentum costo-transver- 
sarium anterius, I^ig. 199) consists of strong bands of fibfes which are attached to 
the upper border of the neck of the rib, extending from the head outwards to the 
non-articular part of the tubercle. All these fibres^may be traced upwards. Those 
situated nearest to the head of the rib proceed obliquely upwards and outwards, to 
be attached to the transversq process immediately above, but with extensions to the 
adjoining* rib and its costo-transverse capsular ligament. Others proceed ulmost 
vertically upwards to the adjoining transverse process, while those whidh ascend 
from the"u];)per surface of the tubercle pass obliquely upwards and inwards to reach 
the postero-inferior aspect of the adjoining transverse |)rocess. 

Tlie posterior costb-transverse ligament (ligamentum costb-transversarium pos- 
terius) is a band of transverse fibres applied to the postero-external aspect of the 
capsule. By one end these fibres are attached to the tip of ^he transverse process 
behind its articular facet, and by the qther to the external rough surface of tlie 
tubercle of the rib. - 

The middle costo-transverse ligament (hg. colli costae) consists of short fiBres 
whMi stretch from the posterior aspect of the. neck of the ^jib, backwards and inr 
wards, to the front of the transverse process, But, in addition, a proportion of thd 
fibres parses to the posterior aspect of the inf^ior articular process of th^^ uppet pf 
the two vertebrae with which the head oMhe rib articulates. 
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^The following exceptions to the general plan of rib-articulation indicated above 
must be noted : — 

1‘^Ther^ is no articulation between the eleventh and twelfth ribs and tlie 
' transverse processes of the corresponding vertebrje. 

2. The superior costo-transverse ligament is wanting J;roiu the first ^.ib, and is 
either rudimentary or wanting in the case of tlie twelfth rib. 

S The middle costo-transverse ligament is rudimeivtary in tlie eleventh and 
twelfth ribs. * » 

The Mgamentijm lumbo-costale extends from the upper surface of the base of the 
transverse process of the first lumbdr vertebra to the under surface of the neck of 
the twelfth^ rib, as well as to the* under surface of the transverse process of tlie 
twelfth dorsal y'ertebra. 


• Articulations between the Etbs and their Cabtilages. 

' * 

Each rib possesses an uuossified portion, termed its costal cartilage. As age 
advances, this cartilage may undergo a certain amount of superficial ossification, 
but it never becomes entirely transformed. The line of demarcation between 
bone and cartilage is clear and abrupt, and usually the bpne forms an oval cup, in 
whidli the end of the cartilage is retained by means of the continuity which exists 
between the periosteum and the perichondrium. There is no articulation in the 
proper sense between the rib and its cartilage, although a synovial cavity has 
occasionally been found between the first rib and its cartilage. 

* * iNTERCHONDBAn JOIKTS. 

These’articulations are arthrodial diarthroses, and they arc found between ad- 
joining margins of certain of the costal cartilages, viz. from the fifth to the eighth 
or ninth. The cartilages which thus articulate develop flattened, somewhat conical, 
prolongations of their substance, and thereby the intercostal spaces are interrupted 
where these flat articular facets abut against each other. Each joint is closed 
by a surrounding capsular ligament, the suimrficial and deep aspects cf which are 
speeiaUj^ strengthened by external and internal interchondM ligaments. These 
bands extend obliquely between adjacent cartilages. * 

A synovial membrane lines each joint-capsule. 


CoSTO-STBBNifL JOINTS. 

The upper seven pairs of costal cartilages,, as a rule* extend to the lateral 
margins of the stqrnum (articulationes sternocostales). Of these, the first pair is 
implanted directly upon the manubrium sterni. The ossific process ends abruptly 
in connexion with the rib, and also ceases as suddenly in connexion with tlie 
sternum, and hence th« cartilage does not normally present* an articulation at 
either end. , % • 

From the second to the seventh pairs of ribs inclusive, the costo-stflmal joints 
are constructed upon the type of arthrodiad diarthroses, although, in the case of 
the sixto and seventh cartilages, the joint-cavity is always small, and is frequently 
oblitetated. . i . ; ^ , 

The«ternal end of each of these costal cartilages presentsaslighl antoro-pos- 
terior rid^ Vhich fits into a shallow V-shaped depression upon the lateral margin 
of the sternum. the exception of the sixth (Murtikge, the others attfeuw^ t 

opposite the liiies of hnion between the pimary segments of, the stemulrh, wbeto*^ 
the fflXth lUfthmlates upon the side of , the lowest segment of the meso^sternhim^;;/^, ^ 
EaOh joint is enOioei^^^^b^^^ a capsular l^ameat, compised of fibroim tiKtuOi attabh^ 
to thb Adja^t^ element Speeif^y strong 

' V-aM.'deep'iai^tii/bl !^e captde., 

T?he 1%, V 20^)3 ‘ 
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The posterior costo-stemal ligament — also a part of tile capsule — has attach- 
ments similar to the foregoing, but tlie arrangement of its fibres is not so powetful. 

The ligamentum costo-xiphoidea passes from the front of the uppef part of the 
xiphoid cartilage, obliquely upwards and outwards to the front of the seventh, and 
sometimes to the front of the sixth costal cartilage. 

Within the capsules of these joints interarticular ligaments (ligg. sterno-costalia 
interarticularia. Fig. 207), may be found. Their disposition is somewhat uncertain, for 



Joint capsulo 
Joint cavity. 




In terarticiilar 1 ipi iinai I 

Joint cavity 


Oosto-tJlavicular or 
rhomboid ligament 


Anterior fterno-clavicular 
ligament 


Anterior cliohilro-stenial or 
radiate ligament 


Fio. 207. — Stkiino-oij^viculau and Costo-steiinal Joints. 


whereas, iij the case of the second pair of cartilages, they invariably dividei'the joint 
€avity into two distinct compartments — an upper and a lower — such an arrange-# 
ment is very uncertain in the other joints, and they occasionally, especially in the 
cases of%he sixth and seventh cartilages, entirely obliterate the joint cavity. These 
igainents extend horizontally between^ the ends of the costal cartilages and the* 
side of tlie sternum. » 

Synovial membrane^ is found wherever a joint cavity is developed, and therefore 
there may be one or two synovial membranes, according to theepresence or absence 
of a proper interarticular ligament. . When the joint cavity is obliterated by the 
fibrous structure vjhich represents the interarticular ligament, a synovial membrane 
is also absent. 

^ • Sternal Articulations. 

Primarily the sternum consists of Un elongated plate of hyaline cartilage, which 
becomes subdivided into segipents by the process of ossification. 

The four segments of which the gladiolus is originally composed unite with 
each other after the manner of typical synchondroses. # 

Similarly the onsiform cartilage and the gladiolus ultimately become united. 
It is not usual to find the manubrio-gladiolar joint obliterated by the ossification of 
the two bony segmente. Even in advanced life it renlains of)en, and the joint par- 
takes of the nature of an amphiarthrosis (Fig. 207), although a joint cavity is not 
found under any circumstances in the plate of fibre - cartilage which intervenes 
between the manubrium and the gladiolus. , 

The membrana stemi, to which reference has already been made, aosists^in 
strengthening the union between the different i^egmen^s of the sternum. 

S!({>vements of the Eibs and Ste!hium. — These movements may be con$ider^ either : 
independently of, or as associated with, respiration. "" ^ • 

In the former condition the ribs move in connexion with flexion and extension pf the 
vertebral column, being more or less depreased approximated in the formed, and ^eyated or 
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pulled apj.rt in the lattef case. Considered in connexion with respiration, it is necessary to 
observe that, to all intents and purposes, the vertebral column and the sternum are rigid structures. 
Next we must remember that the heads of all the ribs occui^y fixed iiositions, and similarly 
the anterior mids of seven pairs of cartilages are fixed to the lateral margins of the stenium. 
The ribs thus form arches, pi’esenting a large amount of obliquity from behind forwards. There- 
Ibre, during inspiration, when the rib is elevated, the arch beconpjs more liori/.onlal, and the 
transverse diameter of the chest is increased. At the same time, the anterior ends of the sternal 
ribs tend to thrust the sternum forwards and upwanls ; but the nature of the attachment of the 
first pair of ribs to the sternum, as weS. as the attachment of tlm diaphragm to the eiisiforin 
cartilage, prevents this movement from becoming excessive, and hence the sternum becomes a line 
of resistant to the forward thrust of the riba. As a coiiscquence, the riba rotate upon themselves 
about an oblique axfij wliich passes dowim'aids, outwards, and backwaixla through the capitular 
joint and the neck of the rib anterior to ^le costo-trans verse joint. , 

In this way increase, both of the antero-posterior and transverse diameters of the thorax, is 
provided for, altljpugli the amount of increase is not equally pronounced in all planes. Thus at 
the level of the first rib very little eversion is possible, because the axis of rotation is nearly 
4^‘aiisverse, and therefore any increase in the transverse or antero-jiosterior thoracic diameters at 
this hjvel may be disregarded, although a certain amount of elevation of the manubrium steriii 
and anterior end of the first rib is evident. 

Below the level of the sixth rib elevation and rotation of the vi]> during inspijatioii are 
nsnally said to life complicated by a certain amount of T>a(‘kwarii movement, due to till e character 
of the costo-transverse joint, until, in the case of the last two ril)s, which aj*e destitute of costo- 
transverse joints, a movement backwards is almost entirely suVistituted for ele.vation. It is 
probaBle, liowever, that the movements of the asternal ribs exactly correspond to those of the 
stenial series, and that by the contraction of the costal ^ligitations of tlie diaphragm the 
anterior ends of tlie asternal ribs are jirovided witli fixed positions comparable to those supplied 
by Ilf ft sternum to the ribs of the stei'iial series. 

We may therefore sijy that during inspiration the ribs move upwards and outwards between 
their /ixejJ ends, while as a whole the rib rotates, and its anterior end is thrust slightly torwaixls. 

During expiration these moA'ements are simply reversed. 


THE ARTICULATIONS OF THE SUPERIOR EXTREMITY. 

•* . . • 

The bony arch formed by the clavicle and scapula articulates dh’ectly with the 
axial skeleton only at one point, viz. the sterno-olavicular joint. 


ARTICULATIONS OF THE CLAVICIJ5. 


The Stbeno-clavioular Joini’. 


The sterno-clavicular joint (articulatio sterno-clavicularis) is an example of an 
arthrodial diarthrosis. The articular surfaces concerned in its formation present the 
following appearances : — . . ^ 

1. The sternal epd of the clavicle is somewhat triangular in outhne, haying its 

most prominent angle directed downwards and backwards. The anterior and 
posterior sides of the triangle are slightly roughened for the attachment ot 
ligaments, while the base» or inferior side is smooth and roupcled, owing to the 
prolongation of the articular surface to the inferior aspect of tijiat bone. Jn the 
antero-posterior direction the articular surface tends to he concave, whjj/ vertically 
it is slightly convex. • 

2. An articular facet, situated on the superior latejal angle of the manubriuni 
sterni, tut in ai.plane slightly behind the supra-stemal notch, articulate with the 
clavicle. «Thw -facet is considerably smaller than the clavicular fecet with which it 


articulate 

3. The superior surface of the first costal cartilage close to the sternum also 
partioipate to A small %xtent*in the articulation. • 

It y noted that the articular surfaces of the claviclo and sternum are 

covered mainly, by fflny . ■ 

A iia, wall .marked 0 ^ idl sMe except iufetiony, where it u 


very thin, , 

The Mtyritir 
consists of 
ant^or .aspyt jof ,ljhe ite 
of ty s^'-^^^^ 

■ ; ■■•Tiy 



207) forms part of the oaiMalCKahd ^ 
vdoyfdWaiy and inyirds^ 
i y ty ad|icnning,y^ 

»t 'ystal 

iyfy -;'psy;;;0f ■ "ty 'eayuie,..^arfdv; 
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consists of similarly-disposed, but not so strong, oblique ‘fibres situated on the 
posterior aspect of the articulation. ‘ 

A flbro-oartilaginous meniscus (discus artioularis, Fig 207) divi/les the joint 
cavity into two compartments. It is nearly circular in shape, and adapts itself to 
the articular surfiices between which it lies. It is thickest at the circumference and 
thinnest at the centre, where it occasionally presents a perforation, thereby 
permitting the two synovial cavities to intercommunicate. By its circumference it 
is in contact with, and adherent to, the surrounding capsule, but its upper margin is 
attached to the apex of the articular surface of the clavicle, while by its lower 
margin it is fixed to the sternal end of the first costal cartilage. 

Two accessory ligaments are associated with this joint, viz. the interclavicular 
and the rhomboid. ^ ' 

The interclavicular ligament (Fig. 207) is a structure of considerable strength, 
forming a broad band of fibrous tissue which is attached to the superior roixnded angb 
or apex of the sterjial end of the clavicle as well as to the adjacent margins 6f the 
articular surface. Its fibres x)ass across the interclavicular notch to become attached 
to corresponding jparts of the opposite clavicle, but in their course th^y dip down into 
the supra-sternal notch, in which many of them are fixed to the sternum. In this 
way their presence neither bridges nor obliterates the notch between tlks two 
clavicles, and the ligament retxlly becomes a superior sterno-clavicular ligament for 
each joint. 

Tlie rhomboid ligament (lig. costo-claviculare, Fig. 207) consists of short, strong 
fibres which are attached inferiorly to the upper surface of the first costal cartilage. 
They pass obliquely upwards and outwards to a rough impression situated dii the 
lower aspect of the sternal end of the clavicle, and are distinct from the capsular 
ligament. Occasionally a bursa is found in the interior of this ligament. 

As a rule, there are two synovial membranes lining the two joint cavities (Fi;^. 
207), separated from each other by the interarticular meniscuf^. Sometimes, however, 
the two ifiembranes establish continuity through a perforation in the meniscus. 

c THK ACIIOMIO-CLAVICULAK OE SCAPULO-OLAVIOULAU JoiNT. •' 

e. ^ 

The acromio - clavicular joint (articulatio acromio - clavicularis) is another 
iiistanee of an arthrodial diarthrosis. It is situated between the acromial end of 
the clavicle and the inner aspect of. the acromion process of the scapula. Eacti 
articular surface is an^ oval, flattened facet, covered by fibro-cartilage. 

The ligapients iwhich surround this small joint form a complete capsule 
(capsula articuLiris), of which the upper and lower parts are,specially strong, and 
are therefore named the superior and inferior acromio-clavicular ligaments (Fig. 209). 
Iliese consist of ^hort libres passing between the adjacent rough margins of the 
two bones in the ]xpsition3 indicated by their names. * 

A •’menisev.s. (discus articularis), which is nearly always incomplete, and may 
occasionally be wanting, is usually found within the joint cavity, where it lies . 
obliquely, with its upper margin farther from the mesial platie than its lower 
margin,, and having its borders attached to the surrounding cax)sule. Frequently 
the menisqus is wedge-shaped, with its base directed upwards and its. apex free. 

A s,^no»7ial membrane is found forming either a single or a double sac, according to 
the condition of the meniscus. Complete division of the joint cavity, however, is rare. 

Ligamentum Ooraco-claviculare. — Accessory to this articulation there is the ^ 
strong coraco-clavicitlar ligament which binds the acromial* end of the clavicle to : 
the coracoid process of the scapula. It is readily divisible ipto two parts, viz. the 
ednoid and traj)ezoid ligaments. r 

The conoid ligament (Fig. 209) is pituated internal to and slightly behind the 
traxiezoid. It is narrow and pointed at its inferior end, by which it is attached ; 
to tlie upper aspect of the coracoid process, iniclose proximity j;o the supra-seapular 
notch. Its upper end widens out in the manner expres^d by its name, ai^d isf 
attfiched to the conoid tubercle of the clavicle. 

The trapezoid ligament (Fig. 209) is attached inferiorly to the upper sun^^ 
porterior half of the coracoid pr 9 cess, external and anterior to the attaching 
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the conoid ligament. Superiorly it is attached to the trapezoid ridge on the under 
surfitice of the acromial end of the clavicle. Its outer and inner borders are free. 
Its anterior surface is principally directed upwards, and its posterior surface, to a 
similar extent, looks downwards. 

A ssmovial bursa usually occupies the re-entrant angle between these two 
ligaments^i 

Moveiuents at the Clavicular Joilfts. — Tlio. movements of tpe inner end of tlie elilvieltj «*it 
the sterno-clavicular joint are limited in their range, owing to tlie tension of tlie ligaiuonta 
When the «lioidder is raiaed or depressed the outer end of the r’laviele moves upwards and 
downwards, whilst ils sternal end glides upon the surface of the interarticular meniscus within 
the joint ; when, on l^he other hand, the ^houlder is carided forwards or hackwaids, tlie innei* end 
of the clavicl^, along with the interarticular meniscus moves upon the sternal facet. lu 
addition to these •movements of elevation, depression, forward movement and l)aclvwai'd move- 
ment of the clavicle, there is also allowed at the sterno-clavicular joint certain amount of 
aircumduction of the clavicle. 

The part^whicli is played by certain of the ligaments in restraining movement recpiires 
careful consideration. The rhomboid ligament checks excessive elevation Of the shouldei*, and 
restrains within certain limits both backward and ferwai-d movement of the clavicle. Wlien tlie 
clavicle is depressed, as in cases where a heavy w'eight, such as a bucket of watei*, is carried in tlie 
hand, it receives support by resting uiioii tlie fii'st rib, and the tiMideney for the iuTu*r end of the 
bone ^ start up out of its sternal socket is obviated by the tension of the interarticular 
meniscus, the interclavicnlar ligament, and the anterior and posterior sterno-clavicular 
ligaments. • 

Tlie interarticular meniscus not only acte as a cushion which lessens the shock of blow's 
recei'vfed upon the shoulder, but it also acts as a most imjiortaiit bond of union, and jircvents the 
inner end of the claviclerfrom being driven upwaitls upon the toj) of tho sternum wdicn force is 
apjDlied tc^ts outer end. . 

The movements at the acromio-clavicular joint are of siicli a kind as to allow the inferior 
angle, and to some extent the base of the scapula, to remain more or less closely applied to the 
chest-w'all during the various movements of the shoulder. The strong connexion between the 
coracoid process and the acromial end of the clavicle, by means of the conoid and trapezoid 
tigaments, render's it necessary that the sca])ula slionlil follow tlie clavicle in its various 
excursions^. The presence of the acromio-clavicular joint, however, enables the scainiJii to change 
its position somewhat with reffarcnce to the clavicle as the slioulder is moved. Tims, when tne 
shoulder is raised and depressed, a marked difference takes place in the angle biitwemi tlie two 
liones; again, when the shoulder is thrown forwards or backwards, iliese movements can be 
perfosmed Without altering r ’^ymaterial degree the direction of the glenoid cavity of fhe scapula, ^ 

in other woixis, the socket i shoulder-joint 

The conoid and trapezoid ligaments set a limit upon the movements of the scapula at the 
acromio-clavicular joint. They both, but more particularly the trapezoid ligament, pref^ent tlie 
jjcroniiou process of the scapula from being carried inward below the outer end of tlie clavicle , 
when blows fall upon the outer aspect of the shoulder. 

Ligaments of the ScXfula. 

These ligaments *are not directly connected with any articulation. The coraco- 
m».rminiii.l N gaipAnt (lig. coraco-acrouiiale, Fig. 209) completes the^arch between the 
coracoid and acromion processes of the scapula, and thus p^o^des a secondary 
socket for the greater protection and security of the shoulder-jpijjt. It i» a flat 
triangular structure stretched tightly between its lines of attachment, .ify its base 
it is fixed to: a varying amount of the postero-external border of the coracoid 
process, and by its narrower apical end to the tip of the tcromipn prqpess, im- 
mediately external to the aori)mio-olavicular joint. Its surfaces look upwards and 
downwards, and its -free borders outwards and inwards. It is thinn*8t\in the 
centre, where it is sonieianxes perforated by a prolongation of the tendon of the 
peotoralis -ininoTi- ' ‘ 

ThA ifgAwianti (lig. trausversum scapulsB Bupeflus) is a distinct blit 

short flat bi^d?W th® 8¥“® atdne. It iimy be ooidtinucus 

with fehA eohoiil aid itjis fi^ Ap a rule ihe ibramett 

edtnpl^edi nerve, iyhile : the> eorre* v 
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neck of the scapula. By one end they are attached to thfe external borjler of the • 
scapular spine, and by the other to the adjacent part of the posterior aspect of 
the head of the scapula. The suprascapular nerve and vessels pass^. subjacent to 
this ligament. 

* • THE SHOULDER-JOINT, 

TIio shoulder-joint (articiilatio humeri) is one of the largest as well as. the most 
important of the joints *of the upper Hmb. It is an example of the enarthrodial, 
i.e. ball-and-socket variety of a diarthrosis, and, at the cost of a certaintamount of 
security, it has obtained an extended range of movement. * 

The bones ’vfrhich enter into its formation a/re the glenoid fossa of the scapula 
and the head of the humerus. ^ ' 

The glenoid fossa is a shallow pyriform articular surface, having its narrow end 
directed upwards and slightly forwards. The upper half of the anterior margin of 
the fossa is characterised by a shallow notch which accommodates the ViarroW part 
of the subscapularis muscle as it runs outwards to its insertion. At the apex of the 
fossa there is a flat area for the attachment of the long tendon of 4ihe biceps flexor 
cubiti muscle. The head of the humerus is hemispherical and articular, while, 
external to its articular margin, there is a slight constriction (the anatomical or 
true neck of the humerus),^ which is most strongly marked in relation to the 
greater and lesser tuberosities of the humerus. 

Under ordinary conditions the two articular surfaces are maintained in 
apposition by muscVdar action, aided by atmospheric pressuiw, and thus, when the 
muscles are removed, the bones fall asunder to the full extent of the rc^trtdning 
ligaments. Only a small part of the humeral head is in contact with the glenoid 
fossa at any partkmlar moment, because the former is much larger than the latter, 
but, by reason of the shallow character of this fossa, all parts of the two articular 
surfaces may successively be brought into contact with eachfother. 

In tlfe position of rest, as the limb hangs parallel to the vertical axis of the 
trunk, the inferior aspect of the neck of the humerus is brought into close relation 
with the lower part of the glenoid fossa. \ ^ 

« The glenoid ligament (labrum glenoidale. Fig. 209) / epens the glenoid » fossa, 
and thus extends the articular surface. It is situated wiohin the joint capsule, an& 

to some slight ex- 
tent increases the 
security of the arti- 
culation. It con- 
sists of a strong 
ring of dense fibrous 
tissue attached to 
the free margin of 
the glenoid fossa. 
Many of its fibres 
are short, and pass 
.obHquely from the 
inner to the outer 
aspect o£, the ridge, 
so that its attached 
base is broader than 
its free edge, and 
thereforein cross sec^ 
tion it appears some- 
what triangular. 

Fig. 208. — Oapsulb of tub Suouldeh-joint and Coeaco-acuomial Ligament, The long tendon pf 

n e ^ the biceps, which 

aHges from the apex of the gleyioid fossa, becomes to a fjonsideiable extent 
coi^orated with this ligament. ^ ^ ^ ^ 

The capsular ligament (capsula articularis. Fig. 208) presente the gener^tl shap^ 
which is oharaoteristic of the corresponding ligament in other baU-and^spcket jow 
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viz. a holiow cylinder. *By its upper end the capsule is attached to the circnin- 
fereAce of the glenoid fossa, external to the glenoid ligament, and also, to a consider- 
able extent, ^o the glenoid ligament itself. 

By its lower end it is attached to the neck of the humerus, and therefore 
beyond the articular area of the head. The capsule is strongest on its^ superior 
aspect, while inferiorly, where the neck of the bone is least defined, it extends 
downwards for a short distance uppn the humerdl shaft. Its fibres for the most 
part run longitudinally, but a certain number of them pursue circular direction. 

A prolongation of the capsule, the transverse humeral ligament presenting both 
longitudinal and fVansverse fibres, bridges that part of the bicipital groove which is 
situated between the tuberosities of the humerus. At tliis point an interruption 
in the capsulb, beneath the transverse humeral ligament, permits the long tendon 
of the biceps to escape from its interioi\ In addition to the opening just referred 
to, there is another very constant deficiency in the upper and anterior part of 
the capsule? where the narrowing tendon of the subscapularis muscle is brouglit 
into contact with a bursa formed by a protrusion of the synovial membrane. ^J’his 
defect in the capsule has its long axis in the direction of the longitudinal fibres. 
Occasionally there is a similar but smaller ’ opening under cover of the tendon of 
the 4ifraspinatus muscle. Through the two latter openings the joint cavity 
communicates with bursse situated between the gapsule and the muscles re- 
ferred to. 
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The tendons of the subscapularis, supraspinatus, and infraspinatus muscles 
fuse with, iind so atrengtlien, the capsule as they approach their respective 
insertioifs. 

On the superior aspect of the articulation the capsule is augmented by an 
accessory structure, the ligamentum coraco-humerale (Fig. 208). ]\v its inner end, which 
is situated immediately above the glenoid fossa, but subjacent to the coraco-acromial 
Tigament, it is attached to the external border of the root of the coracoid jirocess, while 
its outer end is attached to the humeral neck close to the great tubero^ty. This 
ligament forms a flattened band, having its hinder and lower border fused with 
the capsule, but 
its anterior and 


upper margin 
presents a free 
^edge, slightly 
raised above the 
level of the cap- 
sule. This struc- 
ture is believed 
to represent that 
portion of the 
pectoralis minor 
to which refer- 
ence has already 
been made inconr 
nexioDb with the 
coraco - qpromial 
ligament. 
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ligaments ai*e ttree* in number, and occupy the following positions : the superior is placed above the 
aperture in the front of the cajisulo ; the middle and inferior on the antero-inferior aspect of the 
capsule, and below the aperture mentioned. 

The superior gleno-humeral ligament, which some believe to represent the ligpmcntum teres 
of tlix3 hip-joint, sj^rings, along with the middle gleno-liumeral band, from the upper part of the 
anterior glenoid margin. Tlie inferior band is the strongest of the three, and si)rings from the 
lower part'of the anterior glenoid margin. 


Intra-capsular Structures. — 1. The glenoid ligament, already described. 2. 
The long tendon of the biceps passes outwards from its attachment to the apex of 
the glenoid fossa and the adjoining part of the glenoid ligament, above the^>head and; 
neck of the humerus, to escape from the interior of the capsule by the opening 
between the tuberosities of the humerus, subjacent to the transverse humeral 
ligament. , ' 

Synovial membrane (Fig. 210) lines the capsule of the joint, and extends from 
the margin of the glenoid fossa to the humeral attachments of the capsule, where i^‘ 

is reflected fowardfe the 
margin of the articular 
cartilages It is there- 
fore important to note 
that the inferior aspect 
of the humeral neck has 
the most extensive 
clothing of synovial 
membrane. Further, 
the synovial nfembrane 
envelops the intra-oap- 
sular part of the tendon 
of the biceps, and al-^ 
though this tubular 
sheath is prolonged upon 
the tendon into the 
upper part o| the bi- 
cipital groove, yet* the^ 
closed character of the 
synovial cavity is main- 
tained. Thus, while the , 
tendon is within the 
capsule, it is not within 
the synovial cavity. The synovial membrane is continuous^ with those bursse 
which communicate with the joint cavity through openings in the ligamentous 
capsule. 

Bursas (a) Communicating with the Joint Cavity, — Practically there is only one bursa which 
is coiistafit its jjbsition, viz. the subscapular, between tlie capsule and the tendon of the sub- 
scaxmlaria muscle. It varies considerably in its dimensions, but its lining membrane is always 
continuous with that wliicli lines the capftule (Figs. 207 and 208), and therefore it may^ be 
regarded merely as a ]n*olengation of the articular synovial membrane. Occasionally a similar 
but Binallei bursa occurs between the capsule and the tendon of the infraspinatus muscle. • 

(6) Not covimunicating •mth the Joint Cavity, — The sub-deltoid or sub-acromial bursa is 
situated Ijlifwben the muscles on the superior aspect of the shoulder-joint on the one^hand and 
the deltoid muscle on the other. It is an extensive bursa, and is prolonged subjacent to the 
acromion process and the coraco-acromial ligament. It does not communicate with the shoulder- 
joint, but it greatly facilitates the movements of the ujjper end of the humerus against the under 
surface of t he coraco-acromial arch. 

Movements at the Shoulder- Joint. — ball-and-socket joint permits of a great variety of 
moviiments, practically in all directions ; but if these movements be anojysed, it wiU be seen that, 
they resolve themselves into movements about thrte primary ^xes at right angles to each . other, : 
or about axes which are the possible combinations of the primary one& / • % : 

Thus, about a transverse axis, the limb may move forwards (flexion) or backwards (bxteneioii). 
About an antero-posterior axis it may mow<> outwards, awdy from the merial plane of the 
trunK (abduction), or inwards, i.e, towards, and to some extent up to, the mesial plauey;: 
(addif.5tion). ^ 

About jL vertical axis,' the liumenis may rotate upon its axis in an iflward or putward direcl^^ 
to tbe extent of a quarter of a circle. ; r d 




HE ELBOW-JOINT. 2Y1 

Since tliese axes all piV5S tlirougli the shoiildcr-joint, and since each may present varying 
icrrees of obliquity, it follows that very elaborate combinations are i)ossible until the movement 
*cftcumductioii is evolved. In this "movement the head of the liumerus acts as tlie ax>ex of a 
ne of movement with the disbal end of the humerus, describing the base of the cone. 

The range if the shoulder-joint movements is still further increased from the mobility oi 
LO scapula as a whole, and from its association with the movements of the (;lavicle already 
jscribed. 
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THE ELBOW-JOINT. 

This aJticulatipn (articnlatio cubiti) provides an iustanoc of a diarthrosis capable 
)f performing the movements of flexion and extension about a single axis placed 
;raiisversely,,i.e. atypical ginglymiib diarthrosis or hinge-joint. 

The bones winch enter into its formation are the humerus, ulna, aiid radius. 
The trochlea of the humerus articulates with the greater sigmoid cavity ot tlid 
Ulna fartic^latio humero-ulnaris) ; the capitellum of the humerus articulates with 
the sliallow depression or cup on the superior aspect of the head of the radius (articu- 
latio humero-radialis). The articular cartilage clothing the trochlea i>t the hunimis 
terminates in sinuous or concave margin both anteriorly and posteriorly, so that 
it does not line either the 
eoronaid or the olecran<in 
fossa. Internally, it merely 
rounds off the inner margin 
of tlie trochlea, but exter- 
nally it is continuous with 
the *en5:usting cartilage 
covci'ing the capitellum, to 
the margin of which the 
caJ^tilage extends in all 
directions, and thus it pre- 
sents a convex edge in 
relation to the supra*capi- 
tellar or wdial fossa. The 
cartilage which lines the 
greater sigmoid cavity of 
the ulna presents a trans- 

i^erse interruption, consider-r 

ably wider on its inner as 
compared with its outer 
aspect. Thereby th^ coro- 
noid and olecranon seg- 
ments of the fossa are 
separated from each othef . 

The cartilage which clothes 
the coronoid segment is 
continuous with that which 
clothes the lesser sigmoid 
cavity. ® The shallop 
shaped depression 6n the 
head of the radius is ooverod 
by cartilage wto 
off the margih, and w pror 
longed withoutinterruptioix 
up(m yerW 
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directions — obliquely, transversely, and vertically — and of these the vertical fibres 
are of most importance. It is attached above to the upper margins of the*^ coronoid 
and supraca];)itellar fossae ; below, to the margins of the coronoid process and to the 
orbicular ligament of the superior radio-ulnar joint, but some loo&ly-arranged 
fibres reaph as far as the neck of the radius. The lateral portions of this ligament, 
which are situated in front of the capitellum and inner margin of the trochlea 
respectively, are much thinner and weaker thanjbhe central part. Fibres of origin 
of the brachialis anticus muscle arise from the front of this ligament. 

The posterior ligament is an extremely thin, almost redunda^it layer. 
Superiorly it is attached, in relation to the margin of the olecranon fossa, at a 
varying distance^ from the trochlear articular srq’face, and inferioji'ly to the summit 
and sides of the lip of the olecranon process. Externally some of its fibres 
pass from the posterior aspect of the capitellum to the posterior border of the lesser 
sigmoid cavity of the ulna. This ligament derives material support from, an^, 
participates in the movements of, the triceps muscle, since they are closely 
adherent to each other in the region of the olecranon process. 

The internal lateral ligament (lig. collaterale ulnare. Figs. 211 anjl 212) is a fan- 
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shaped structure of ui{,equal thickness, but its margins, which are its strongest bands, 
are continuous with the adjoining parts of the anterior and posterior ligaments. 
By its ujiper end it is attached to the anterior, inferior, and posterior aspects of the 
internal condyle of the humerus. By its broad lower end it is attached to the 
inner margin of the greater sigmoid cavity, so that the anterior hand is associated 
principally with the inner margin of the coronoid pj;ocess,^nd the posterior, hand 
with the inner margin of the olecranon process, while the intermediate weaker 
portion sends its fibres downwards to join a transverse hand, sometimes very strong, 
which bridges the notch between the adjoining inner margias of the coronoid and 
olecranon processes. « 

The external lateral ligament (lig. collaterale radiale, Fig. 211) is a 
flattened hand attached superiorly to <ihe lower'^and pdsterior asf epts of the exterhiu^^^: 
coili^yle of* the humerus. It completes the continuity of the capsule on the outers 
side, and blends inferiorly with the orbicular" ligament, on the surface of whicli itS v 
fibres i&ay be tr^ed both to the anterior and posterior ends of. the lesser 
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are intimately associated with the muscles 
which take origin froiu the inner and outer condyles of the humerus. 

of fat^it^?e(^^^ 213). — Internal to the capsule, there are several pads 

tween it and the sy- 
novial membrane. 

Small pads are so 
placed as to lie im- 
mediately in front 
of the coronoid atfd 
supra-capitellar 
fossae, but a* larger 
one projects 'to- 
wards the olecra- 
non^ossa.'* 

Synovial mem- 
brane (Fig. .^13) 
lines fthe entire 
capsule and clothes 
the pads of fat 
above referred to, 
as ^ell as those 
portions of bone 
encleseii within the 
capsule which are 
not covered by 
articular cartilage. 

By its disposition 
the elbow and the 
superior radio- 
ulnar joints j)ossess a common joint cavity. It should be specially noted that tlie 
upper p^t of the neck of the radius is surrounded by this synovial membrane, ^ 

Movements at the Elbow-Joint. — The juoveinents of the mdiius and ulna upon the hunieruB 
have already been referred to as those charactej’ising a uniaxial joint constructed on tlie ]jhwL of 
a hinge. In this case the axis of the joint is obliquely trauHverse, so that in the extended 
position the humerus and ulna form an obtuse &iigle open hwawls the radius, wlieroas in the 
flexed position the hand is carried inwards in the diwction of the mouth. ExtrtiUie flexion is 
checked by the soft parts in front of the arm and of the fore-ariii- (iomiiig iiil/O contact, and 
Bxtrerae extension by the restraining effect of the ligaments and muscles, in each, casts the 
movement is checked ^before either coronoid or olecranon processes come into contact with the 
liumeru!^ The anterior and posterior bands of the internal lateral ligament are important factoi« 
in these results. Lateral movement of the ulna is not a characteristic j?>iovemcnt, although it 
may occur to a slight exteitt, owing to a want of complete jidaptation. between the trochlear 
surface of the humerus and the sigmoid cavity of the luna. This incohgvmnice is no^^worfhy 
lince the inner lip of the -trochlea is prominent in front, and the outer liji is projuAient Ixilimd. 
OonseqUently, this latte^^ is associated with a,, suviace on the outer side of the olocrahmi 
which is oidy jltUised in ,, 

The eapitdluiU and the opposing suif^ head the iwlius are alwayaju varying 

iegreeipqf cohtjli^fcv in the movements of ileximi and exten- 

don, and js/ihost^^^ aiid completely in contact with the humenis during the pilpitfeii. of s^nii- ; 

(iiexion anu^emi-p^hation. ; In- a very considerable part of the capitellum is 

iiu(X)vered^by ^ 

at the proad 



Trochlea 


Olocnuion process 


yia. 213 . — Vehtioal Section thwouch the Titocjir.KAU Pah.t ov the 
Elbow-joint. 





274 


THE AETieULATIONS OE joints: 




Lessor sigmoid 
cavity 



Transverse 
portion of 
internal lateral 
ligament 

Greater sigmoid 
cavity 


Orbicular ligament Conmoid i)rocoss 

Fia. 214 . — Orhicular Ligament of the Radius. 


fonnation of the elbow-joint, consequently the joint cavity iS continuous vjith that 
of the elbow-joint, and therefore, in a sense, it lies within the cover of the capsule 
of the elbow-joint ; but its special feature is the — * 

Orbicular ligament (lis. annulare radii. Fiers. 211 and 214), which has formerly been 

mentiohed as the inferior fine of 
attachment of the external lateral 
.ligament and the ligaments on 
the front and back of the elbow- 
joint. c 

It is a strong 'Well-defined struc- 
ture, attached by its extremities 
to the anterior ^ and posterior 
margins of the "lesser sigmoid 
cavity, and thus it forms nearlyh 
four-fifths of an osse6’-tend&nous 
circle or ring. This circle is some- 
what wider at ther upper than at 
the lower margin of the orbicular 
ligament, wliich, by enciroliqg the 
upper i)art of the neck of the 
radius, tends to prevent displacement of the head of tliat bone in a downward 
direction. Tlie lower margin of this ligament is not directly attaclied to the radius. 

The synovial membrane is continuous with that which linesi the elbow-joint. It 
closes the joint cavity at the inferior unattached margin of the orbicular Kgament, 
where it is somewhat loosely arranged in its reflexion from the ligament to the 
neck of the radius. 

. Inferior Radio-ulnar Joint (articulatio radio-ulnaris distalis). — This joint is 
situated between the sigmoid cavity on the inner side of <ihe lower end of tK6’' 
radius andp the lateral aspect of the head of the ulna. In addition, it includes the 
inferior surface of the head of the idna, which articulates with the superior 
surface of*a triangular plate of fibro- cartilage, by means of which the joint is 
excluded from the radio*-cari)al articulation. < 

The triangular interarticular fibro-cartilage (discus articularis, Figs. 215 and 217),*^ 
besides ^presenting articular surfaces to two separate joints, is an important Hgament 
concerned in binding together the lowqr ends of the radius and ulna. It is attached^ 
by its apex to the de- 
pression at the outer 
side of the root of the 
styloid process of the 
ulna, and by its base to 
the sharp line o‘i de- 
marcation l:)et^yepn the 
sigmoid eWity and tho 
carpal articular surface 
of the radius. “ 

The ligamentous cap- 
sule is very imperfect, and consists of scattered fibres, termed the anterior and 
posterior radio-ulnar ligaments (Fig. 216). These ligaments pass transversely 
between adjoining non-articular surfaces on the radius and ulna, and are of sufficient 
length to permit of the movements of the radius. * c 

The synovial membrane completes the closure of the joint cavity. It forms a 
loqse bulging projection (recessus sacciformis), passing upwards between the lower r 
ends of the shafts of tlie radius and ulna, and it also^ clothes the upper surfa,ce of 
the triangular fibro-cartilage (Fig. 217). The cavity ^of this joint is quite distj|iet. 
from that of the radio-carpal articulajicn, except wheig the triangular fibro-cartilage 
pi^ents a. perforation. ^ - 

"^Se tween the foregoing articulations there are two acce&ory 
interosseous meTubrane and the oblique Ugament, which connect together 

of the radius and ulna. 
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The^iAterpssepus nflsmbrane (Fig. 212) of the forearm (meinbrana interossea inter- 
brachii) is a strong fibrous membrane which stretches across the interval between 
the radius and ulna, and is firmly attached to the interosseous border of each. Below 
it extends aownwards to the lower limit of the spacje between the bones, whilst 
above it does not reach higher than a point about one inch below the •tuberosity 
of the radius. A gap, called the hiatus interosseus, is thus left above its upper 
margin, and through this the post<3rior interosseous artery passes backwards between 
the bones to reach the dorsal aspect of the forearm. This^ap is bounded above 
by the Oblique ligament. The fibres which compose the interosseous membrane 
mn for the most? part downwards and inwards from the radius to the ulna, although 
)n its dorsal aspect several bands iinay be observed stretching in •an opposite direc- 
jion. The interosseous membrane augments the surface for the origin of the muscles 
)f the forearni ; it braces the radius and ulna together ; and when shocks are com- 
iiunicatcd from the hand to the radius, owing to tlic direction of its iibres, the 
ntetfosseo^s membrane transmits these, to some slight extent, to the ulna. 

The oblique ligament (Fig. 212) is a slender tendinous band of very varying 
strength whicii springs from the outer part of the coronoid process of the ulna, and 
stretches obliquely downwards and outwards to the radius wliere it is attached 
mmfidiatoly below the bicipital tuberosity. 

Movements of the Radius on the Ulna. — The axis tiboui which the mdivin mov'^cs is a 
oiigitudinal one, having one end passing througJi thet centre oF the liead of thi^ radius and 
lieniher through the styloid process of the ulna and the line of the ring- linger. In. tliis axis 
lie nead of the radius is so secured that it can only rotate upon Jlie Ji‘sser sigmoid cavity 
d* the ulna within thc^ orbicular ligament, and consequently the radial, liead remains u])ou th.e 
iani^ pltiie as the ulna; but tlie lower end of the radius being merely resti-ained by tlie 
riangular fibro-cartilage, is able to describe nearly a balf-cii*(.le, of whicli the apex of this 
igainent is the centre. In this movement the radius carries the hand from a position in whidi, 
lie palm is .directed forwards, and in which the radius and ulna lie pamJIel to eacli other 
■ftupination), to one in which the jialm is directed backwards, and the, I'adius lies diagonally across 
:he front of the ulna (pr^uation). 

The ulna is unable to rotate upon a long axis, hut while the radius is travelling^ through the 
irc of a circle from without inwards in front of the ulna, it will usually be seen that the ulna 
ippears to move through the arc of a smaller circle in tlie reverse direction, viz.*lrom within 
nitwards.# If the humerus he prevented from moving at the slionlder- joint, a very Jarge J>ropor- 
lon* if not the entire amount, of this aj^parciit movement of the ulna will di.sa])p(^ar. At tlfo 
^ame time some observers maintain that it really occurs at tlie elbow-joint, associated with lateral 
Liioveinent during slight degrees of flexion and extension at I hat joint. « • 

THE HADIO-CARPAL J0IN1\ 

This joint (articulatio radiocarpea) is a bi-axidl diarth^osis, frec^uently called a 
iondyloid joint. 

The articular eldinents which enter into its formation are: on its proxiinal side, the 
inferior surface of the lower end of the radius, together with the inferior surface of 
the triangular fibro-cartilage ; on its distal side, the superior artmular surfaces of the 
scaphoid, semilunar, and ou^eiform bones. The articular surfagei/)f the radius is 
concave both in . its antero-posterior and transverse diameters, in ordflr to adapt 
itself to the opposing surfaces of the scaphoid and semilunar, which are convex in 
the two axes named. In the ordinary straight positiejn of the hand the triangular 
fibro-Qftrtilagqibin contact with the semilunar .bone, and the upper articular surface 
of the cqneilbrni bone is in contact with the capsule of the joint. Wlien, •however, 
the han?is bent towaMs the cuneiform bone is carried outwards as well 

as the sennluh^ir&^ and the triangular fibro-cartilage comes into opntact 

with the cuneitornb articular surfece of the radius is subdivided by an antetoi 

posterior, slightly elevated ridge, into an outer triangular facet which usually atti4 
oulates with the facet for artibulatiw^ 

portioh'hf’the.'seTOiu^^ ■■■■ ' ' 

> In th^Mterv^ an^ cuneifom bones; the obfe: 

by?^t^e|)resTO<^ 
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by one end to the tip of the styloid process of the radius, and by the other to a 
rough area at the base of the tubercle of the scaphoid bone, i.e. external toStS 
radial articular surface. ^ 

The internal lateral ligament (Fig. 216) is also a distinct rounded structure, 
having one end attached to the tip of the styloid process of the ulna and the other to 

the rough non -articular 
border of the cuneifom 
bone, some of its fibres 
being jjrolonget!. to the 
pisiform bone. 

The interior ligament 
(Fig. 216} is attached 
superiorly to the anterior 
margin of the lower end* 
of the radius, ^as w^l as 
slightly to the base of 
the styloid- process of the 
ulna. Some transverse 
fibres may be seen^, but 
the greater number pass 
obliquely downwards and 
inwards to the palmar 
non 0 articular surfaces 

of the scaphoid^ semi- 
lunar, and cuneiform 
bones, while some of 
them may even be con- 
tinued as far as the os ‘ 
magnum. Those fibres 
from the ulna run 
obliquely outwards. On 
its deeper aspect this ligament is closely adherent to the anterior border of * the 
triangular fibro-cartilage of the inferior radio-ulnar articulation. ^ 

* The «posterior ligament extends from the posterior margin of the lower end 
of the radius, obliquely downwards and inwards, to the dorsal non -articular 
areas on tlie proximal row of the carpal bones. The slip to the latter assists in* 
forming the fi|)rous sheath through which the tendon of the extensor carpi ulnaris 
muscle travels to its insertion. The principal bundle of fibres is connected with 
the cuneiform bone. 

Tlie synovial membrane (Fig. 217) is simple, and is confined to the articulation, 
except in those cases^in which the triangular fibro-cartilage ds perforated, or in which 
one of the intcr(?s^oous ligaments between the carpal bones of the first row is absent. 

Movements at the Badio-carpal Joint — radio-caipal joint alfords excellent example 
of a biaxial articulation, iy wliicli a long trausvei-se axiB of movement is situated more or less at 
right anghs to a short axis placjed in the antero-iiosterior direction. The -nature of the move- 
ment-s which are possible about these two axes is essentially the same in both cases, vizc flexion 
and extencioi). Tlie movements aliout the longer transverse axis are anterior or ];)alijiar flexion, 
ex tension,* and its continuation into dorsi-flexioii. About the shorter antero-posterior axis we 
movements which result from combined action by certain flexor and extensor muscles, wherry . 
the radial or ulnar hordei-s of tlie hand may be approximated towards the corresponding Ixiidera 
of the forearm. Lateral* movement may also be possible to a slight extent. The range of mover 

nient in connexion with either of the princix>al axes is largely a matter of individual peculiarity, 
for,, with the exception of the lateral ligaments, there is no serious obstacle to the cultivation of \ 
greater mobility at the radio-carjial joint. • 
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FlU. 21G. — biGAMENTS ON ANTERIOR AhPKCT OK RaDIO-(3ARPAL, 
« CaUI’AL, and CAlU’O-MUTAOAUrAL JOINTS. 


,, CARFAL JOINTS. 

The articulations, subsisting between the iodividual: carj^ bones, (artibi^tioiidS 
intercaqieaj) are. all diartbroses, and although the total amouhi of - 
throughout the series is considerable. vetLtbe extent of iuoveuient li^hich is 
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betwee^ the two ro^s or between any two carpal bones is extremely limited, 
lor this reason, as well as because of the nature of the nioveiuent, these articula- 
tions are c^yiled gliding joints (arthrodia). 

It is advisable to consider, the articulations between individual bones of 
the proximal row ; secondy the articulations between tjie sepai'ate boaes of the 
distal row ; third y the articulation of the proximal and distal rows with each other ; 
fourthy the pisiform articulation. • 

The proximal row of carpal articulations (Fig. comprises the joints 
between#the scaphoid, semilunar, and cuneiform bones. On their adjacent lateral 
aspects these bodes are partly articular and partly noii-articular. 

Three sets of*simple but strong, although short liganientoiis*bands bind these 
three carpal bones together, and form an investment for three sides of their inter- 
carpal joints. These are — (1) the anterior or palmar ligaments, two in number, which 
consist ot transverse fibres passing between the ailjacent rough palmar surfaces of 
the ^ones^ (2) the posterior or dorsal ligaments, also two in number, and composed 
of similar short transverse fibres passing between the adjacent dorsal surfaces ; 
(3) the interopseous ligaments (Fig. 217), again two in number, and transverse in 
direction, situated on a level with the superior articular surfaces, and extending from 
the galmar to the dorsal aspect of the bones, wliile attaclicd to non -articular areas of 
the opposing surfaces. The radio-carpal joint is entirely shut off from tlie inter- 
carpal joints, and also from the joint between the two rows of carpal leones, except in 
rare, cases, when an interosseous ligament is wanting. 

The distal row i)f carpal articulations (Fig. 216) includes the joints between 
the 4ra]iezium, trapezoid, os magnum, and unciform bones. Articular facets occur 
on the opposing lateral faces of the individual bones. 

Associated with this row there are again simple bands of conBideral)le strength, 
and presenting an arrangement similar to that seen in the proximal row. As in 
flie former case, they invest the iutercarpal articulations, except on tlio aui.)erior 
aspect, where they communicate with the transverse carpal joint, and on the inferior 
aspect, where they communicate with the carpo-metacarpal joint cavity. 

The anterior or palmar ligaments are three in number. They extend*iu a trans- 
verse di?ection between contiguous portions of the rough j)almar surftices of tiip 
bones. The posterior or dorsal ligaments, also three in number, are similarly dis- 
posed on the dorsal aspect. The interosseous ligaments (Fig. 217) are twcwor three 
in number. That which joins os magnupi to unciform is the strongest; that 
between the trapezoid and os magnum is situated towards tlie dorsal parts of their 
opposing surfaces; the third, situated between contiguou6,non-articular surfaces 
of the trapezium and trapezoid, is always the feeblest, and is frequently absent. 

The transversd carpal articulation (Fig. 217) is situated between the proximal 
and distal rows of the carpus. The bones of the proximal row present the following 
characters oh their inferior or distal aspect. The outer part of tilie articular surface 
is deeply concave, both in the antero-posterior and in the transv^gp directions, but‘ 
the inner part of the same surface is concavo-convex, more especially irf the trans- 
verse direction. ^ • 

Superiorly, the articular surfaces of the distal row of cariml bones present ah 
irreguihr outline. That part pertaining to tlie trapezium and trapezoid is concave 
in the ajfiterCrpbsterior and tran directions, and lies at a considferably lower 
level than t^Ke portion^^\^ os magnum and unciform, which *is; inpre^ 

Dver, markedlir M transverse directions, with 

exception of the inuorihps unciform, where it^is coneavo.cQnve3c in- 

This hrtSeulatiPh (Fig* 216) which bihdfr v 

bhe two ^prplongatipns to ^ 

japautes ll)e 1^^ as a 

Certain spCci^ 
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I'adial end of tlie anterior radio-carpal ligament. By these different baiids the 
palmar aspect of the joint is completely closed. ‘ 

The dorsal ligaments are more feeble than the palmar. They form a tjun, looselyr 
arranged stratum, in which the only noteworthy bands are one which joins the 
scaphoid t© os magnum, and anotlier which joins cuneiform to unciform. 

Tlie external lateral ligament (lig. collaterale carpi radiale, Fig. 217) extends 
between contiguous rough areas on the radial aspects of the scaphoid and 
trapezium. By its mi'xrgifts it is continuous both with the palmar and dorsal 
ligaments. c . 

The internal lateral ligament (lig. collaterale carpi ulnare, Fig. *217) is arranged 
like the former in* regard to its margins, and bydts ends it is attached to the con- 
tiguous roiigh ulnar surfaces of the cuneiform and unciform bones. ^ * 

• Both of these lateral ligaments are directly continuous with the corresponding 
lateral ligaments of the radio-carpal joint. 

An interosseous ligament (Fig. 217) is occasionally found within thfe capSule, 
extending^ across the joint cavity between the os magnum and the scaphoid. 

The pisi-cuneiform articulation is an arthrodial diarthrosis, f The mutual 
articular surfaces of the two bones are flattened and circular, and only permit of a 
small amount of gliding movement. • 

The joint is provided with ar’ thin but complete capsule of fibrous tissue, which 
is specially strengthened interiorly by tw’o strong bands, viz. pisi-unciform (lig. piso- 
hainatum) and pisi- metacarpal (lig. pisometacarpeum, Fig. 216). Both of these 
bands extend from the*- lower and inner aspect of the pisiform to adjoining parts of 
the hook of the unciform and base of the fifth metacarpal bone respectively; To a 
grea.t extent these ligamentous bands may be regarded as extensions of the in- 
sertion of the tendon of the flexor carpi ulnaris muscle which is attached to the 
upper part of the pisiform bone. Looked at as ligaments, however, they are 
specially strong to prevent the displacement of the pisiform bone during contrac’^'^ 
tion of the muscle inserted into it. 
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The synovial membranes (Fig. 217) of the carpal joints are two in number. Of 

^ ^ ^ interossepus ligaments, so as " 

Fin. 817. — C/'OHONAL Section through tho radio-carpal, carpal, carpo- to reac|;i the ladiOrCarpal and 
metacarpal, and intcrmetacarpal joiiita, to show joint cavities and carpo metactirpal seiies of 
interoaaeons ligaments (diagrammatic). • COnditiph. 

is rare, but the second is not unopmmqo, and results f^om the absence of thP inter- 
psedpus ligament between trapezium and trapezoid, or of th^t between trapPzoid 
and cCi magnum. ' . ; 


Tnipeziuiiiy 




Fio. 217. — C’oiiONAL Section through tlio nulio-carpal, carpal, carpo- 
metacariml, ami intcrmetacarpal joints, to show joint cavities and 
interosseous ligaments (diagrammatic). • 
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INTERMETACARPAL JOINTS. 

f®'!? inner metacarpal bones articulate with each other at their proximal 
ends or bases, b^ween the opposing surfaces of which joint cavities are found — 
arthrodial diarthroses. These cavities are continuous with the carpo-mctacarpal 
joint (not yet described), and hence the ligamentous arrangements only enclose 
three aspects of each joint. • 

Three strong transverse ligaments (Figs. 216 and 217) hind adjacent palmar, 
dorsal, and interosseous areas of tlie bases of the metacarpal bones, tind lienee tliey 
are called ligamenta basium (oss. metacarp, ) volaria, dorsalia et interossea, A 
synovial membrane is associated mtli each of these joints, but it^may bo regarded 
as a prolongAtign from the carpo-metacarpal articulation. 


CARPO-METACAllPAL JOINTS. 


The articulation of the metacarpal bone of the thumb with tlie trapezium 
difiers in so many respects from the articulation between the other metacarpal 
bones tod the carpus, that it must be considered separately. 

(jI) The articulatio carpo-metacarpea pollicis (Figs, 21G and 217) is the joint 
between the infero-external surface of the trapezium and the superior surface of 
the base of the first metacarpal bone. ]5otli of these surfaces arc saddle-shaped, 
and^hey articulate by mutual co-aptation. 

The joint-cavity is surrounded by a fibrous capsule, in wlfich we may recognise 
paln!ar,‘tior8al, externlil, and internal lateral bands, tlie last being tlie strongest and 
most important. 

Synovial membrane lines the capsule, and the joint-cavity is isolated and quite 
j;jgj>arate from the other carpal and carpo-metacarpal articulations. 


At this joint mdyoineuts occur about at leant tln'ee axen. Tlmn, around a uiorci or Icnn traiift- 
verse axis, flexion and extension take place ; in an antero-ponterior axis abduction afid adduction 
(movements which have i*eference to the middle line of the Imnd) are found ; while a certain 
amount Quotation is possible in tlie longitudinal axis of the digit. 'l.^Jie very (fliaracUsristic 
movement of opposition, in which the tiji of the thumb may be applied to the tljis of all th^v 
•lingers, results from a combination of flexion, adihiction, and rotation, and by conibining all the 
movements possible at the various axes, a considerate degree of circumduction may be produced, 
in spite of the fact that this is not a ball-and-socket joint. • * 


* (B) The articulationes carpo-metacarpese digitorum are the jointH between 

the bases of the four inner metacarpal bones and the four tjpnes of tlio distal row 
of the carpus. They are all arthrodial diarthroses, aud the opposed ^articular 
surfaces present alternate elevations and depressions which form a series of 
interlocking joints. The joint-cavities between the carpal bones of the distal row, 
and also the more extensive intermetacarpal joint cavities, open into this arti- 


culation. > ^ *. # % • 

This series of joints is invested by a common capsule whiofi is weakest on its 
radial side, but is ptjfierwise well denned. JLts fibres arrange themselves in small 
shps, which paas obUquely in directions, and vaiy in number for each ; 

metnetipal Tbua the abllgna palmar ligaments*(ljgamenta carpo-idetacarpea. . 

volaria, 215) consist of -one slip for each metacarpal bor^p, l)ut there : 

may be fw. third metacaipal bone frequently has three, 'bf which ' 
one lies bbliqdefe'^ the tendon of the fiexor carpi ramalis muscle. 

I^e ^ligamenta carpo-metacarpes dorsalia): are ' shuilar 

short and ;elj 0 arer definition, by. which the index hfeta^ ; i 

oarp^^ ^ ; the middle metecai:^l;;fe> the# 

08 ; the ring metacai^: te 


■i’ths 
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THE ABTIGULATIONS 


The synovial membrane (Eig. 217) is usually single and lines the 0api|ule' bitt 
as already explained, it has prolongations into the interinetacarpal and inter- 
carpal series of joints. In connexion with the latter, the frequent^, absence ol 
the interosseous ligament between the trapezium and trapezoid permits the free 
communioation of this jopit-cavity with that of the transverse carpal joint. 


Mfttacarpal. 

boiK*. 


Accessory pal- 
mar 


METACARPO-PHALANGEkL JOINTS. 

In the case of tlie pollex this joint is constructed oil the plan of a gjnglymus 
diarthrosis; the four corresponding joints of the fingers are alsA diarthroses of a 
slightly modified iball-and-socket variety. Witli^, the exception oi the metacarpal 

l»one of the pollex, each metacarpal bone has^a somewhat 
splierical head articulating with a shallow^ oval cup upon 
the base of the first phalanx. The articulation in the 
thumb presents features similar to those of ‘an iiiter- 
I)halangeal joint. 

Each joint possesses an articular capiijule (Fig. 218) 
which presents very different degrees of strength in differ- 
ent aspects of the articulation. Thus, on the dorsal aspect, 
it clxijnot be demonstrated as an independent structure, 
but the necessity for dorsal ligaments is tf) a large extent 
obviated by the presence of the strong fl^attened expansions 
of the extensor tendons. , 

The internal and external lateral ligaments (ligamenta 
collateralia, Fig. 218) are strong cord-like bands which pass 
from the tubercles and adjacent depressions on the sides 
of the heads of the metacarpal bones to the contiguous 
n on-articular areas on the bases of the proximal phalangeST 
They are intimately connected on their anterior aspects 
with the palmar ligaments. 

The palmar ligaments consist of thick plates of fibro- 
cartilage loosely connected to the metacarpal bCnes, but 
firmly adherent to the phalanges. They are placed 
between the lateral ligaments, to both of which they are 
in each case connected. Each plate is grooved on the 
I® palmar surface for the long flexor tendons, wliilst on its 
reverse or joint surface it supports and glides upon the 
3 head of the metacarpal bone during flexion and extension 
of the joint. In the case of the thumb this plate of 
fibro-cartilage usually develops two sesamoid bones, and 
Lateral ligamoiit in the case of the index finger ojie such sesamoid nodule 
is frequently found at the radial side of the plate. 

An important accessory ligament is found in con- 
nexion with the four inner mctacarpo - phalangeal 
articulations, viz. ; — 

The Transverse Metacarpal Ligament. — This structure binds together the,, distal 
extremitigs the four inner metacarpal bones. The name is applied to three sets 
of transverse*^ fibres of great strength which are situated in front of the three inner 
interosseous spaces. These fibres are continuous with the palmar metaoarpo^ 
i:)halangeal ligaments q t their lateral margins. • • 

A synovial membrane lines the investing capsule of each joint. 





Oupsiilc 


Fig. 218. — MlifMCA hpo-phalan- 

GKAL AND INTKUPHALANGKAL 

Joints. 


INTERPHALANGEAL JOINTS. 

Of these joints there are two for each finger and one for Ae thumh.^^^ ’:T^ 
oorBespond, in being gingl^mus diarth^ses in which thh trocMeal^ chapter of ; 
airtict^ar sarfaccavis associated with 6ne axis of povement: dirdbted.!ttaAhror^y4-^^^^^^ 
In their general arrangement they ^qorrespoQd with each otbel|;lind^^^:^^^ 
extent with the metadarpo-phalangeal series ^oadyAesorihod;^^ 
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withade&nite capsule (Vig. 218), of which the palmar and cord-like lateral portions 
are well marked, while on the dorsal aspect the extensor tendons act as the chief 
support* Tljp palmar ligaments are fibrous plates of considerable thickness, and 
are attached to the two lateral ligaments and to the intervening rough surface on 
the distal phalanges, while their proximal margins are not {ittached to bon^J. Each 
ligament has its lateral margins prolonged proximally to the adjacent sharply- 
defined lateral ridges bn the phalai^geal shafts. 

The lateral ligaments (Fig. 218) are strong, rounded, shoi’t bg-nds, continuous with 
the preceding, and attached to adjacent non-articular lateral aspects of the plialanges. 

Each joint pdssesses a synovial membrane which lines its capsule, but its 
arrangement presents no special peeuliarity. i 

• 

Movements of the Carpal, Intermktacaupal, Metacaupo-pualanoeal 

• - AND InTEUPHALANGEAL JOINTS. 

% • 

The amount of movcinent which is possible at individual joints of the inl.ercari>al, inter- 
metacarpal, and carpo-iuetacarpal series is extremely limited, l)(»l.h on account of the interlocking 
nature of the artiiftilar surfaces and the restraining character of tlie ligamentous bands. Taken 
as a whole, howevej*, the movements of the car])ns and metacarpus enaljle tJie. hand to ]>ei*forjn 
niany "tjariwl ami important functions. Tiiis is largely due to the giuiat e]* mol)ility of tliosi* joint.s 
on the radial and ulnar borders of the hand, as well £is to the general elasticity of the arches 
tVjrmed by the carpus and inehxcarpus. These conditions particularly favour the inoveineuls of 
opposition and prehension. In the opposite direction, wlien jiressure is a]>])lied from the 
palmif* asi)ect, the metacarpal and carpal arches tend to hecjome flattened, Imt great elasticity is 
imparted by the tension of the various ligaments. • 

Tlie fi^ir inner metacaipo-x)balangeaT joints are balband-sock(*.t joints, and moveineiit« of 
palmar-flexion and extension are Ireely performed about a transverse axis. In exceptional ciisiis 
a certain amount of dorsi-flexion is x>ossible. About an a7itero-j>osiej‘ior axis movememts occur 
whicli are usually referred to the middle line of the liand, and hence (jailed abduction and 
adduction. 

"^Tlie moveihents of tlfti index finger are less hamjiered than in the case of the others, but 
each of them can perform a modified kind of circumduction. ^ 

The metacarijo-plialangeal joint of the thumb and all tin*, iuterpbalangeal joints are uniaxial 
or liin^e-joints acting about a transvei'se axis, which }>ermits of palmar-flexion and extension 
being freely I)erformed, but dorsi-flexion is, as a rule, entirely prevented l)y the palmar* and lateral 
ligann3iits. " • . 

• . . . • 


ARTICULATIONS AND LIGAMENTS OF THE PELVIS. 


Although we may consider the pelvis as a separate part V the skeleton, yet it 
is essential to remember that the bones which enter into its composition belong to 
the spinal column (sacrum, coccyx) and the lower limb (innominate hone). Accord- 
ingly, the articulations, witbi their corresponding ligaments, may be arranged as 
follows;—' 

(а) Those by \rhich the segments of the coccyx are join^ together (ijready 

, described, ». p. 266) ; •* 

(б) That hyf which the sacrum articulates with the coccyx (already dor 

i(<)) : Tfe{)fiie:iby wbi<di the sacrum articulates with the last lumbar vertebra 
• ^ bones are attached to th^ jjiinfti 

■ :(^) T|^ wfflfth . tJiV innoHunate bones are attached* to each, other (Syxia-'i 


jom 
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last lumbar vertebra, downwards and slightly outwards, to fhe front of tljje lateral 
aspect of tlie ala of the sacrum, close to the sacro-iliac joint. Further, a variable 
membranous band extends between the lateral aspect of the lower part of the body 
of the last lumbar vertebra and the front of the ala of Ijjie sacram. Imis band lies 
in front of the anterior primary division of the fifth lumbar nerve; 

SACRO ILIAC JOJNT. 

« 

Each innominate l)one articulates with the sacral section of the spinal column 
on each side through the intervention of a diarthrosis, termed ^^the sacro-iliac joint 
(articulatio sacrotliaca). i 

This joint is formed between the contiguous auricular surfaces of the sacrum 
and ilium. Each of these surfaces is more or less completely clothed by hyaline 
articular cartilage. The joint-cavity, which is little more than a capillary interval^ 
may be crossed by fibrous bands. « 

The joint-cavity is surrounded by ligaments of varying thickness and strength, 
wliich constitute its capsule. I'hus the anterior part of the invoking capsule is 

thin, and con- 
sists of j short 
but strong 
fibres which 
pass beteveen 
adjoining sur- 
faces flinthe ala 
of the sacrum 
and the iliac 
fossa of the 
innominaW 
bone; they 
form the 
anterior sacro- 
iliac * ligament 
(lig. sacro-ilia-* 
cum anterius, 
Fig. 219). On 
the posterior* 
aspect there 
are two liga- 
ments. The 
short posterior 

Fia. 21 §. — Pelvic Joiets as seen fkom the Phont. #. sacro-iliac liga- 

ment (lig. 

sacro-jliatom postcrius breve, Fig. 220) consists of numerous strong fasciculi, 
which pass froin the rough area on the inner aspect of the ilium, above and behind 
its auricular surface, downwards and inwards to the transverse tubercles and the 
depressions behind tlie firstf and second segments of the sacrum. Tliis ligament 
is of gipat* strength, and with its fellow it is responsible for suspeigiding the 
sacrum and* the weight of the superimposed trunk from the innominate bones.' 

The long or oblique posterior sacro-iliac ligament (lig. sacro-iliacum posterius 
longum, Fig. 220) i^ a superficial thickened portion* of the preceding ligaments 
It consists of a definite band of fibres passing from the postero-superior iliac spine 
to i]ie transverse tubercles of the third and fourth segments of the sacrum. 

The s3movial cavity of this joint is very imperfect and rudimentary* 

Several accessory ligaments are associated with the .articulation of 
nominate bone to the sacral section of the spinal column. ^ 

t The iliodumbar ligament (li^. llio-lumbale, Fig. 219),^ Which m 
thiclfened anterior lamina of the rasoia lumbQPum, extends^ fjfein tho ^ 
transverse process of the la^st lumbar vertebra, almost horizontally ouWards^ ^ 
inner lijTof the iliac crest at a point a shorfe dis^ce behind 




A pioportion of these ^res is attached to the inner rough surface of tlie ilium 
betvyron the ili^ crest and the auricular impression.’ To these the name of the 
lig, ilio-lum1>a]|p mfenus is applied (Fig. 21&). 

The jpreat or posterior facro-sciatic ligament (lig. sacro-tuberosum, Fig. 220) 
IS some\v lat tuaiigular in outline. It occupies the intervg,! between tlio, sacrum 
1 innominate bone, and is attached inesially, to the posterior inferior sjiine 
of the ilium; to the posterior aspect of the transverse tubercles and lateral 
margins of the third, 
fourth, and>fif th seg- 
ments of thesacruiif, 
as well as to, the 
side of the flr»t seg- 
ment of the coccyx, 
it passes down- 
wardsmnd ofltwards, 
becoming narrower 
as it approacheSifche 
isobiumi hear to 
which,* however, it 
again expands, to be 
attached to the 
inner^ side of tlie 
ischial tuberosity, 
immediately below 
the groove for the 
tendon of the ob- 

• in tern us yio, 220 . — Pelvio Ligaments as seen eeom dbiiinI). 

mu8cle,ie. the lesser • 

sciatic notch. A continuation of the inner border of the .ligament — tlie^processus 
falciformis (Fig. 220) — runs upwards and forwards on the inner aspect of the 
ramus of the ischium. * 

'JSie great saoro-sciatic ligament is believed by many to represent tli« original 
Sr proximal end of the long or ischial liead of the biceps flexor cruris muscle. * 
The small or anterior sacro-sciatic ligament (lig. sacro-spinosum, Figs. ^19 aivi 
220) is situated in front, and in a measure under cover of the great sacro-sciatic 
ligament. Triangular in form, it is attached by its Imso to tlie last two segments of 
the sacrum and the first* segment of the coccyx, and^ by its printed apex to the tip 
and ujiper aspect of the ischial spine. This ligament is intimatlSly associated 
with the coccygeus ifluscle, and by some it is regarded as being derived from it by 
fibrous transformation of the muscle fasciculi. 

By the great and small sacro-sciatic ligaments the two sciaric notches of the 
innominate boiie are converted into foramina. Thus the small sacro-sciatic liga- 
ment completes the boimdaties of the great sciatic foramen (foranmn isdiiadioum 
majus) ; while the great sacro-sciatic ligament, assisted by the small sacro-sciatic 
ligament, closes the small sciatic foramen (foramen iscluadicuni minus); 

The autenpr Wiitt^^^o the osseous pelvis xs completed by the articulation pi the 
bodies of the PUbis; This joint cons 

forms in the general plan of an amphiartbrosk Thus it is 

mesial Covered by a layer of hyaline oaiftil^e, 

which pubic: 

while is jan interposed fibro^art^e 

■ (lafliina^ 
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Tlie anterior pubic ligament (lig. pubieum anteriiis, Fig. 219) is a structure of 
considerable thickness and strength. Its superficial fibres, which are derived‘very 
largely from the tendons and aponeuroses of adjoining muscles, arg oblique, and 
form an interlaced decussation. The deeper fibres short, and extend trans^ 
versely ^rom one pubic J)one to the other. 

The posterior pubic ligament (lig. pubieum posterius. Fig. 220) is very weak, 
and consists of scattered fibres which extenil transversely between contiguous 
pubic surfaces posterior >jO the articulation. 

The superior pubic ligament (lig. pubieum superius, Fig. 219) is likewise weak, 
and consists of transverse fibres passing between the two pubic brests. 

The inferiors subpubic ligament (lig. pubievm inferius vel lig. arcuatum pubis. 
Fig. 220) occupies tlie arch of the x>iibis, and is of considerable strength. It gives 
roundiiess to the pubic arch and forms part of the pelvic outlet. It has con- 
siderable vertical thickness immediately below the interpubic disc to which it is 
attaclied. Laterally it is attached to adjacent sides of the descending *rami<' of the 
pubis. Its lower border is free, and separated from the triangular ligament of 
tlie perineum by a transverse oval interval through which the dorsal vein of the^ 
I)enis passes backwards to the interior of the pelvis. 

»■ 

Tiik Tuianoulau Ligament of the Perineum. 

The triangular ligament of the perineum is a membranous structure ^jvhich , 
occupies the pubic arch below, and is distinct from the subpubic ligament. It assists 
in completing the pelvic walls anteriorly in the same manner that the^pbtjirator 
membrane docs laterally. Indeed, these two structures occupy the same mor- 
phological plane. The triangular ligament presents two surfaces — one superficial 
or perineal; tlie other deep, or pelvic, and both of these surfaces are associated 
with muscles. Its lateral borders are attached to the sides of the pubic aFsk; 
while its base is somewliat ill-defined, by reason of its fusion with the fascia of 
CJolles in rhe urethral region of the perineum. 

The apex of the triangular ligament is truncated, free, and well-defined, constitut- 
ing the t^tusverse perineal ligament, above which there is the interval foif the dorsal 
vein of the penis. It is pierced by a number of vessels and nerves, but the 
principal opening is situated mcsially one inch below the pubic arch, and transmits 
the urdtlira. 

The Obturator Membrane. 

The obtujrator membrane (meinbrana obturatoria, Fig. 219) occupies the 
obturator or thyroid foramen. It is attached to the pelvic aspect of the 
circumference of this foramen. It consists of fibres irregularly arranged and of 
varying strength, so that sometimes it almost appears fenestrated. At the highest 
part of the foramen it is incomplete and forms a U-shaped border, between which 
and the Jbonyccivcumfereiice of the foramen, the obturator canal (canalis obtura- 
torius) is formed. In this i)osition the membrane is continuous with the parietal 
pelvic fascia which clothes the innef side of the obturator interiius muscle, above 
the upp,cr free margin of ,the muscle. From the outer or crural aspect of the 
membrane ; some of its fibres are prolonged to the antero-inferior aspect' of the 
capsule ' of the hip-joint. ' 

Mechanism and Movements of the Pelvis. — The human pelvis presents a niechaniszn^ the 
principal requiremen t of which is stability and not movement, for, through the pelvis, the weight 
of the trunk, superimi)tscd ujioii the sacrum, is transmitted to the Tower limM Moreover, its 
stability is largely concerned in the maintenance of the erect attitude. The movements of its 
yafrious parts are therefore merely such as are consistent with stability, without producing abi^lute 
rigidity. ^ ■ ■ . . ' 

The two innominate hones, being bound t(^ether by poweifal ligaments at the piibic artictiia^; 
tion, constitute au inverted arch, of which the convexity is dire(^fei' downwards and forward^,; 
while its j)iers are turned ujDwards and backwaids, and considerably expanded in relation to the., 
hinder parts of the iliac bones. Between tne piers of this inverted arch the sacruim is sitUatedv^ 
This l)one is in np sense a key-stono to an arch, because, as may readily be seen in anteix)*pdBteripr:^ 
transverse section, thc sacrum is wider in fi*ont than behind, and the superpos^ Weight naturaliy : 
tends t® make the sacrum fall towards the pelvicr^vity, and ^ -fit less clo^ly^tween- i^ 
innominate bones. The sacrum is in reality a%obliqfie pktform, in <x)ntact 
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boTie through its articular aliricular surfaces, and in this position it is suspended by the posterior 
sacrowiliac ligaments, and kept securely in place by the “grip” due to the irregularity of the 
opposed surfaces of the two sacro-ijiac articulations. Since the weight of the trunk is trans- 
mitted to the aaterior and upper end of this sacral platform, there is a natural tendency for the 
sacrum to revolve upon the transverse axis which 2 >asses through its sacnj-iliac joiiita If this 
were permitted, the promontory of the sacrum would descend downwards and Ibrwaids towards 
the pelvic cavity, as reallv does occiu' in certain deformities. This revolution or tilling uji- 
wams of the forejiart of the sacrum is lye vented by the action oi' the great and small saci-o- 
sciatic ligaments, extending from the ischial tuberosity to the hinder and lower end of the 
Buspeiided platform of the sacrum. Not only so, lait these ligametits, qif^ting on a rigid sacrum, 
tend to holi up the weight upon the sacral promontory. 

The various ligaiifents passing between the last lumV>fir vertebra and the saci'um and ilium 
retain the weight of the trunk in position uikui the anterior end of the sacrum, and i*esist its 
tendency to slij) forwards and downward! towards the jielvic cavity. The eiitire weiglit of the 
trunk and pel’^is is transmitted to the heads of tlie tliigh bones in tlie most {idvantageous 
position, both for effectiveness and the strengthening of t he inverted iuiicnuinate. arch, for it will 
4»e evident that the heads of the femora thrust inwards uiioii the convex side of tin*, arch, very 
much %t the<i|)lace where the arches are weakest, viz. at the sjiringing of the arch from its piers. 
The forces which tend to cause movement of the pelvic bones during parturition act from within 
the pelvis, and have for their object the increase of t.he vai*ious pelvic diamet;<.*rs, in order tliat 
the KEtal head may more readily he traiismitted. For this ])iirj)ose the wedg(*-Uke dorsal surface 
of the sacrum is driven backwards, and a certain amount of extra spacer may thej tdiy Ihj obtained. 

All important factor, however, in the increase of the jjelvic capacity at tliis [leriod is found iu 
the relaxation of its various ligaments. 

* 

-THE ARTICULATIONS OF THE LOWER EXTREMITY. 


THE HIJMOINT. 


The human body provides no more perfect example of an enarthrodial diarthrosis 
than the hip-joint (articulatio coxaj). Combined with all that variety of movement 
which characterises a multi-axial joint, it nevertheless presents great stability, which 
"Tias been obtained by^simple arraiiKements, for restricting the range of its natural 
movements. This stability . 

is of paramount importance 
for the maintenance of the 
ereclf attitude, and the me- 
Tihanical adaptations whereby 
this result is obtained are 
such that the erect attitude 
may be preserved without 
any great degree of sustained 
muscular effort. 

Articular Surfadbs.— The 
head of the femur is globular 
in shape, and considerably 
exceeds a hemispherei It is 
clothed by hyaline articuhir 
cartilage on tliose parts which 
come into direct contact with 
the aqctebidmiii^ is 

frequentljj m^ or lesd of 
extension of ; the iwrficqlar 


ffona : the he^ to 
ljoiinnjg;:& 


cartili 
the a 

of the? ne#; 
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The acetabulum is a deep cup-shaped cavity which pr(5sents an inteijniption or 
notch on its antero-inferior margin. The interior of the cup is lined by a ribboix- 
like band of articular cartilage which extends to the brim of the cavity, but 
does not cover the floor of the cup. This articular ribbon-shaped band is widest on 
its supero-posterior aspect, and narrowest at the anterior margin of the notch. 

Tlie transverse ligament (lig. transversum acetabuli. Fig. 221) bridges the ace- 
tabular notch, and consists of strong transveraK3 fibres which are attached to both 
of its margins, but more extensively to the postero-inferioi'. This ligament does 
not entirely fill the notch, but leaves an open interval between its lower ,l)order and 
the bottom of the notch througli which vessels and nerves eAter the cup. The 
acetabular aspeet of this ligament constitutes afU articular surface. 

The acetabulum is deepened by the cotyloid ligament (labrum glenoidale, 
.Figs. 221 and 222). Tliis ligament consists of a strong ring of flbro-cartilaginous 
tissue attached to the entire rim of the cup. The attached surface of the ring k 
broader than its free edge, and, moreover, the latter is somewhat ctotraqted, so 
that the ligament grasps the head of the femur which it encirclesV Its fibres are 
partly oblicpie and partly circular in their direction. By the forjmer it is firmly 
implanted on the rim of the acetabulum and the transverse ligament of the notch ; 
by the latter the depth of the cup is increased through the elevation of ifs edge, 
and its mouth slightl}’^ iiarro\yed. By one surface this ligament is also articular. 

A capsule (capsula articularis, Fig-s. 220 and 222) completely invests the joint- 
cavity. This is a filirous membrane of great strength, although it is not of^equal 
thickness throughoujh, being considerably thicker on the supei/)-anterior aspect than 
at any otlier part. Unlike the corresponding structure of the shoulder- joint, it does 
not permit of the withdrawal of the head of the femur from contact with the aceta- 
bular articular surfaces, except to a very limited extent. Its fibres are arranged 
both in the circular and in the longitudinal direction, the former, known as the 
zona orbicularis, being best marked posteriorly, while the longitudinal fibres stShS 
out more distinctly in front, where they constitute special ligaments. Looked at 
as a whole, the capsule has the following attachments : — m^periorly it surrounds 
the acetabulum, on the upper and hinder aspects of which it is attached directly 
to the iiirmminate bone, while on the front and lower aspects it is attaolied to the 
'"non - articular surfaces of the cotyloid and transverse ligaments; inferiorly ft 
encircles the neck of the femur, where it is attached in front to the anterior inter- 
trochanteric line ; above, to the inner aspect of the root of the great trochanter ; 
below, to the lower part of the neck of the femur, in close proximity to the smafi 
trochanter ; behind, to the line of junction of the outer and middle thirds of the 
neck of the i!emur. It is a matter of some importance to note that only part 
of tlie posterior surface of the neck of the femur is enclosed within the capsule. 
The femoral attachments of the capsule vary considerably in their strength, being 
particularly firm ^ibove and in front, but much weaker, .below and behind, where 
the orbicular fibres are well seen. Many fibres of the capsule are reflected from 
its deep <vspecrii*pwards upon the neck of the femur, where they form ridges, and 
to these the term rectinacula (Fig. 221) is applied. 

The longitudinal fibres of the capsule are arranged so as to form certain definite 
bands, Viz.; — ^ ^ 

(1) ^he ilio-femoral ligament (lig. ilio - femorale. Fig. 222) consist^ of a tri- 
angular set of fibres attached above, by their apex, to the lower part of the anterior 
inferior iliac spine and the immediately adjoining part of the rim of the aoeta- 
bulum, and below, by their base, to the anterior intertrochanterio line of the femur; 
This ligament is tlie thickest part of the capsule, but its sides are more pronounced 
than its centre, especially towards its base. Consequently the ilio-femoral band 
presents some resemblance to an inverted vY (A), and^ therefore it is very genieraily 
known as the Y-shaped ligament of Bigelow. *' ^ . 

,jTlie outer or upper limb of the ilio-femoral ligament ihay be sbmfewhat ext^nded^^ 
iuolusioii of additional longitudinal fibires, and described as the iUo-troclia^teriC ligaiheujb 
ilio-(d*ochahtei*icuhj). This band arises from the anterior pait of the dorsum pf the kcetebulum 
and extends to thp femoral neck, close to the anterior end of the inner surfa.6e of^^^ t^^^ 
trochanter. 



^Uwnent (lig. pubo-femorale v. pttbo- 
c&paulare. Fig. 222) is composed of some bands of fibres of no great strength, 
which extend from ' 

the outer end of the 
horizontal ramus of 
the pubis, the ilio- 
pectineal eminence, 
the obturator crest 
and tho^, obturator 
membrane, to lese 
themselves for the 
most part in the cap- 
sule, although a" cer- 
fctain proportion of 
them<»may»be traced 
to the inferior a&pect I 
of the femoral ^eck, 
where they adjoin 
thelower attachment |.|’ 
of the*Y-shaped liga- Eg 
ment. If 

(S) The ischio-cap- S'" 
sular ligament (lig., g 
ischie-capsulare. Fig. . 

220) consists of a 
broad band of short, 
faii'ly strong longi- 
todinal fibres, whicli, 
by their upper ends, 
are attached to the Fio. 222 . — Dissection ok tub Hii'-Joint kkom tub kuont. 

ischium between the > 

small sciStic notch and the obturator foramen, while their lower ends become 
Emerged in the zona orbicularis of the general capsule. '' 

Within the capsule, and quite distinct from it, there are the ligamentmn toi;cs 
and the Haversian gland. 

• The interarticular ligament (lig. teres femoris, Fig. 221) is a strong, somewhat 
flattened band of fibrous tissue, attached by one end to tho upper half of the pit 
or depression on the head of the femur. By its 'inner end 'it is aUached to the 
lower edge of the articular surface of the transverse ligament, with extensions to 
the opposite borders of the acetabular notcli, but chiefly to the hinder or ischial 
border. This ligament paries very greatly in its strength and development i;| 

different subjects, and ™ ^ 

The sQ^lled Haversian gland occupies the bottom or non-artifififlar a^ea'^of the 
acetabulum. It oOnsists of a mass of fat cqvered by synovial membrane. This 
pad of fat is eontinuous with the extra-capsular fat through Ihe passage subjaicent 
to the trafisveife ligament of the notch. * v ' 

A lines the capsule froih which it is reflected to* thg neck of 

the 4 -Bna which corresponds to the femoral attachments ; of the 

capeula clothes tdore of the femoral neck ahteriorly 

thaii M the capsule ^is feebly attached to : 

seen from the outindff pf - 

the c^hMi "Slih^yhoviH up to the articular mai^ of 

the^; lower aspectsnpf the ^ 

gathered inte^ loOee^fol^ttii^ir the retinaoula; These, folds or pUi^ti^e 
marked ■ *1*0 bf refteefeui' sud do not reE% # 

femor 4 *hei^ 'r^^Ae^lmlid'^^'$he membrane is prolonged It^ 




288 TKEJ^ 



of the acetabular fossa, as well as a complete tubular investment for the iigjanienturij 
teres. . ; 

Occasionally the synovial bursa, whicfi is subjacent to the tendon of the ilio- 
psoas muscle, conimunicates with the interior of the hip-joint through an opening 
in the ^terior wall of^ the capsule (Fig. 222), situated between the pubo-femoral 
ligament and the inner or lower limb of the ilio-femoral ligament. 

Movements at the Hip-Joint. — The movements which occur at the hip-joint are those of 
a multiaxial joint. The^ anr flexion, extension, abduction, adduction, rotation, and circumduction. 
The range of each of these movements is less extensive than in the case of the shoulder-joint, be^' 
cause, at tlie hip, the freedom of movement is subordinated to that stability which is essential alike 
for the maintenance of the erect attitude and for locomotion. Wlieii standing at rest in the erect 
attitude tlie hip-joint occupies tlie position of extensioii, and as the weight'^of the trunk is trans- 
mitted in a i)erpendicular wliich falls behind the centres of the hip-joints, botji the erect attitude 
and the extendiid position are maintained to a large extent mechanically, without sustained ipus- 
cular action, b}^ means of the tension of the ilio-femoral ligament. Moreover, the tension of thii, 
ligament is sustained by the pressure of the front of the head and neck of the fenvir against its 
syiKJvial surface. In this association of parts it is important to note that thetarticular cartilage 
of the femoral head may be, and in certain races is, prolonged to the front of the femoral neck ; 
and further, that the constant friction does not desti'oy the synovial lining of the capsule. 
Again, the same mecliaiiism which preserves the erect attitude prevents an excessive degree of 
extension or dorsiflexion. In movement forwards, i,e, ventral flexion, the front of the thigh 
is a])proximated to the anterior aMomiiial wall The amount of this movement dejiei/ds upon 
the j)osition of tlie knee-joint, liec&iuse when the latter is flexed the thigh may be brought into 
contact with the abdominal wall, wliereas wlieu the knee-joint is straightened (i.e. extended) 
the tension of the liamstring muscles greatly restricts the amount of flexion at the liip-joiiit. 
Abduction and adduction are likewise much more restricted than, at the shoulder-joint. Abduc- 
tion is brought to a close by the tension of the pubo-femoral band and the lower part^of the 
capsule, and, in addition, the upper aspect of the neck of the femur locks against wie margin 
of the acetabulum. Excessive adduction is prevented by the tension of the upper band of the 
ilio-femoral ligament and the uj)per part of the capsule. Botation or movement in a longi- 
tudinal axis juay be either inwards, i.e, towards the front, or outwairls, toward the back. 
In the former the movement is brought to a close by the tension of tl^e ischio -capsular ligament^ 
and back part of the capsule, aided by the imiscles on the back of the joint; in the lattei’ — 
rotation oi.twards-— the cliief restraining factor is the outer or upper limb of the ilio-femoral 
ligament. The total amount of rotation is pi*obably less than 60 ". 

Circumduction is only slightly less free than at the shoulder, but it is complicated by the 
preservation of the balance upon one foot. ^ • 

■ The value and influence of the ligaiueiitum teres are not easily estimated, because it may 
absent wi t bout causing any known interference with the usefulness of the joint. In the erect attitude 
this ligf ment lies lax between the lower part of the femoral head and the acetabular fat. In the 
act of walking it is rendered tense at the moment when the iielvis is balanced on tlie summit of the 
su])porting femur. Analysis of this position shows the femur to be adducted, with probably, ili 
addition, a small amoun.^ of flexion bending forwards) and internal rotation. Again, this 
ligament is saj^l to be' tense when the thigh is rotated outwards. The equivalent of this 
movejnent is doubtless found in the rotation of the pelvis, which occurs in the act of walking 
at the moment of transition from the toe of the supporting foot to tlie lieel of the advancing 
foot. The, interest connecttHl with this ligament is perhaps moi’phological rather than physio- 
logical. It is believed liy some to represent the tendon of a muscle which in bii-ds occupies a 
l^ositioii external to the joint capsule. 


THE KNEE-JOINT. 

The* knee-joint (articuhttio genu) is the largest articulation in the body, and 
.its structure is of a very elaborate nature. The part it plays in maintaining the 
erect aftittide niatoi’ially influences its construction, and special arrangements are 
provided for the mechanical retention of the joint in the extended position, in view 
of the fact that the line of gravity falls in front of Ahe centre of the articulation!! 
Its principal axis of movement is in the transverse direction, consequehtly it belong 
tp the giiiglymus or hinge variety of the diarthroses. At the same time a slight 
amount of rotation of the tibia in its long axis ispermitted during extreme flexion 5 
but while this fact is of considerable importance in 'che study of certain 
to which the joint is liable, as well as in the study of its comparative inorpSologi]^^ 
ii^not suflicieiitly pronounced to interfere with its clfeaaifioation as Ahing^ 

"' Articular ^surfaces pertaining to the ffanur, tibia, andT pateUa, ent^^^ 
formation of the knee-joint. The articular surfeice pf theVfemur ^^^ 
large part of both cpndyles, and may be di^ded into a 
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by faintly-marked, aRnost transverse grooves, which pass across the articular 
surface immediately in front of the intercondylar notch. As a rule marginal 
indentations of the articular surface render the positions of these transverse 
grooves more distinct. 

The patellar portion (Fig. 223) is situated anteriorly, , and is common to both 
condyles, although developed to a larger extent in association with the outer condyle, 
on which it ascends to a higher l*vel than on the inner condyle. This surface is 
trochlear, and forms a vertical groove bordered by prominent lateral borders. 

The jj^bial portion of the articular surface of the femui* is divided into two 
articular areas, im relation to the inferior aspects of the two condyles, by the wide 
non -articular intercondyloid not^jh. These two surfaces are fer tlio most part 
parallel, bufe in front the internal tibial surface turns obli(juely outwards as it 
passes into continuity with tlie patellar trochlea, while posteriorly, under certain 
» circumstances, e.^. the squatting posture, the articular surtace of the inner condyle 
may^extetfd to the adjoining portion of tlie popliteal area of the bone. 

When the joint is in the position of extreme llexion, the patella is brought into 
direct contact fjyith that part of the articular surface on the inner condyle which 
bounds the intercondyloid notch upon its inner and anterior aspects. This relation- 
ship js indicated by the presence of a distinct semilunar facet on tlie cartilage in 
that situation (Fig. 223). The articular surface of the lemur may therefore be 
regarded as presenting femoro-patellar and femoro-tibial areas. 

The pateUa presents on its posterior aspect a transversely-elongated oval 
articular facet and i\n inferior rough, triangular, non-articular area. The articular 
face4; is^iivided into two principal lateral portions by a prominent rounded vortical 
ridge. Of these the outer is the wider. A less pronounced and nearly vertical 
ridge marks off an additional facet called the internal perperdicular facet, close to 
the inner margin of the articular surface. Two faint transverse ridges cut olf 
"iHirrow upper and lower facets from the general articular surface without encroach- 
ing on the narrow innermost vertical facet (Goodsir) (Fig. 223). , 

The head of the tibia presents on its superior aspect two condylar articular 
surfaces, separated from each other by a non-articular antero-posterior area, which 
is wider Tn front and behind than in the middle, where it is elevated^ to form ji 
^ bifid tibial spine. 

The external condylar facet is slightly concavo-convex from before bapkwa 2 ?<ls, 
and slightly concave transversely. This i^urface is almost circular, and extends 
'to the free external border of the tibial head, where it is somewhat flattened. 
Posteriorly the articular surface is prolonged downwards? „on the tuberosity in 
relation to the position occupied by the tendon of the popliteurf* muscle. The 
internal condylar falbet is oval in outline, and distinctly concave both in its antoro- . 
posterior and transverse diameters. 

Ligaments. — Like all diarthroses, this joint is invested by an envelope cff 
capsule (capeula articularis), which does not, however, entirely suyrpund thp joints 
cavity, for it is absent as a fibrous membrane above tlie joint-cavity, suTDjacent to 
the tendon of ; the quadriceps extensor muscle. Its specially-named bands are not 
of themselves, sufficient to form a complete investment, and a capsular membrane, 
which^argely consists of augmentations from .the fascia lata and the tmdons pf 
surrouni^g - musel^^^ defective areas. Thus, anteriorly, ^n cacdi side ■ 

of the pateliUt and the Ugamentum patelise, expansions of the vasti tendphs and 
fascia lata; cPhstitdting lateral pa^l^ are evident. On the puter side of 

the joint the eiternal latei^l ligament is hidden ^thih a covering derived fro 
the dio-tihial On the inner side -expansions 

tendons pfjthei^rtcdns and seidi-meinbranosus muscles augment the capsulpj 
here becomes doht^upusjwi^^^^ lateral ligameiit. Posteriorly the dapsule ^ 

Also but ; 

. it -is inds(idey /whfiarp- 

the ■ 
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patellae, is a powerful flattened band, attached superiorly to the apex and adjoining 
margins of the patella, and inferiorly to the rough anterior tuberosity at the u^per end 
of the shaft of the tibia. This ligament also serves as a tendon of insertion for the 
quadriceps extensor muscle, and a certain number of the fibres of the tendon may 
be observed to descend as a thin fibrous covering for the anterior surface of the 
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Fia. 223. — ^Dissection of the Knee-Joint from the Front; Patella thrown down. 


patella. ^ The deep surface of the tendon is separated from the front of the head of 
the tibia by a synovial bursa, and above this it rests upon the infrapatellar pad of 
fat, which is placed between the tendon and the synovial membrane of the joint. 

The posterior ligamfint (Fig. 224) is a compound structure of unequal strength, 
and those portions by which it establishes continuity with the lateral parts of the 
capsule are remarkably thin. It is attached superiorly to the popliteal surface of 
the femur, close to tlie intercondyloid notch, with lateral extensions to the non- 
articular areas imniediately above the posterior articular margins of the two con^ 
dyles,^yhere it i^^ closely associated with the origins of the gastrocnemius muscle. 

Inferiorly it is attached to the rough noii-articular posterior border of the head 
of tlie tibia, where, to its fibular side,* it presents an opening of exit for the tendon 
of the popliteus muscle (Fig. 224). . : 

The tendon of insertion of the semi-membranosus muscle contributes an 
important expansion which augments the posterior ligament on its superficial 
aspect. This expansion — ligamentum postiemu Winslowii — ^passes obliquely upwards 
and outwards to lose itself in the general ligament, but it is most distinct in the 
region between the femoral condyles, where it may pres'ont upper and lower arcuate 
borders. A number of vessels and nerves perforate this ligament, and hence it, 
presents a number of apertures. 

The internal lateral ligament (lig, collaterale tibiale^ Fig. ^23) is a welhdfjfinecl 
strong flat band which is applied to the "inner side of the knee-joint, and is father 
wider in the iuiddle than at either end^ It is frequently regarded as consisting of 
twGt portions — an anterior or long portion and a posterior or .short one. The two 
parts .arise close together from the hou:*artiouMr inner surface of the inner condyle^^^^^^^ 
immediately below the adductor tubercle. The ^ort or posterijpr portion d 
slightly backwards, to be attached^to thefipstero4nternal aspect’bf the ihhei*i)art of 
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the tibia above the groove for the seiui-membranosus tendon. The long or anterior 
porij^on inclines somewhat lorwards, and descending superficially to the tendon of 
the semi-membranosus, it is continued downwards, to be attached to the upper part of 
the inner sufface ol the shaft of the tibia below the level of the anterior tuberosity. 

On its superficial aspect the internal lateral ligament is augmented by pi'olonga- 
tions from the tendons of the semi-membranosus and feartorius muscles, but is 
separated by a bursa from the tendons of gracilis, semi-tendinosus and sartorius. 
Its deep surface is adherent to the convex edge of the internal semilunar cartilage, 
but lower down the inferior * 

internal jfrticular yessels inter- 
vene between the ligament and 
the shaft of j^he tibia. 

The external lateral ligament 
^(lig. collaterale fibulare, Fig. 

*22S),^ sometimes called the 
ligamentum laterale externum 
longiim, is a distinct rounded 
band which is \inder cover of 
the ordinary capsule, and yet 
well Separated from the joint- 
cavity by intervening objects. 

It i^ attached superiorly to a 
tubercle on the outer surface 
of tjie jxternal coifdyle, im- 
mediately above the groove 
occupied by the tendon of the 
popliteus musole, superficial to 
wkioh the ligament ^iescends. 

By its lower end it is attached 
to the outer side of the head 
of the fibula, in front of the 
styloid piocess. In its course vertically downwards it splits the tendon of inser- 
tion of the biceps flexor cruris (Fig. 223), the portions of which are fixed to thef 
head of the fibula on either side of the ligament, and a bursa may intervene 
between the tendon and tlie ligament. The inferior external articular ves^ls pass 
forwards subjacent to: this ligament and above the head of the fibula. Unlike 
the internal Hgament, it is not attached to the corresponding semilunar cartilage. 

The ligamentum laterale externum br^ve seu posticifin (Fig. 224) ih an inceiiRtant structure 
which is attached by its upper end immediately behind the preciiding, and subjacent to the 
outer head of the gastrocnemius muscle. It likewise descends superficial to the poiiliteal tendon 
and is affixed xnferiorly into the styloid process of the fibula. 

The intra-artioular structures of the knee-joint are more important and more 
numerous than in any other joint of the body. • •• , • 

The cziicial ligaments (ligamenta cruciata genu) are two strong, rounded* tendinous 
bands which extend from the non-artioular afea on the upper surface of the head 
of the tibia toHhe non-art^^ sides of the intercoigiyloicf notph of the femur 
These ilitemtticular^^U^ are distinguished from each other as th^ anterior 6r 

axternai and the posterior or - internal They cross each other like the ^jUnbs of 
an x> yet they each has its own partial synovial 

3 oyering. joint, and extend between non- 

irticuli^ sur&u:ns in relation to the lon^tud^ 

The litfiiiihdnt^ and 225) is attached inferiorly 

]o thb inner part of in front of and close to the spine of 

ihe tiMa^ ^ ^ and backwards to the inner 

lon-ar^cuiar it Snds at^^ &r ba^ 

ihe -ppafe^dr te^;lh:1^ 
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surface behind the spine of the tibia and close to the popliteal notch. Its fibres 
pass obliquely upwards, forwards, and inwards, to be inserted into the outer non- 
articular surface of the inner condyle, far forwards towards the anterior margin of 
the intercondyloid notch. It is rendered tense in the position of flexion. 

The fiyemilunar interarticular flbro-cartilages are two in number — an inner and an 
outer — ^placed horizontally between the articular surfaces of the femur and tibia. 
In general outline they correspond to the ciroamferential portions of the tibial 
facets upon which they rest. Each has a thick, convex, fixed border in relation to 
the periphery of the ^ joint, and a thin, cpncave, free border directed to^yards the 
interior of the joint. Neither of them is sufficiently large to cover the whole of the 
tibial articular surface upon which it rests. Tfee upper and lower surfaces of each 
semilune are smooth and free, and each cartilage terminates in an anterior and a 
posterior fibrous horn or cornu. 

The internal semilunar fibro-cartilage (meniscus medialis, Eig. 225) forms veryr 
nearly a semicircle. It is attached by its anterior horn to the non-articiflar sv.rface 
on the head of the tibia, in front of the tibial attachment of the anterior crucial 
ligament, and by its posterior horn to the non-articular surface immediately in 
front of the tibial attachment of the posterior crucial ligament. The deep or hinder 
part of the internal lateral ligament is attached to its periphery. ^ 

The external semilunar fib7*o-cartilage (meniscus lateralis. Fig. 225) is attached 
by its anterior horn to the non-articular surface of the tibia in front of the tibial 
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cartilage, With its 

two horns)«t}ierefbro forms almost a complete circle. Posteriorly it is attached by 
its periphery to the posterior ligament, but on the outer side it is separated from 
the external lateral ligament by the tendon of the popliteus musgle, and on this 


aspect its periplifriy is free. *' t. 

The twoj horns of the external semilune are embraced by the two horns of the 
internaPone, and, while the anterior crucial ligament has its tibial attachment almost 


between the anterior horns of the two semilunes, the tibial attachment of the posterior 


crucial ligament is situated behind tlie j)osterior horns* of the two semilunes. 

Both semilunes possess certain accessory attachments. Thus the external semilune 
sends a large bundle of fibres from its convex posterior border to augment the posterior 
aspect of the posterior crucial ligament, by which these fibres‘ are conduoted to the 
femur. Again, the convex or peripheral margins of e^h semilune possess certaiu 
attachments to the deep surface of the capsule on its inner and posterior aspects, as 
has*already been explained, but, in a(^dition, they are littached to the hon-articular 
circumference oif the tibial head b‘y short fibrous bands known as the ligamenta: 
coronarfti. Lastly, a rounded band which varies in strength, the ^Waiisvarso iikar 
ment (lig. transversum genu, Figs. 223 and 22^/ stretches between the anterior 
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convex margins of the* two somilunes, crossing the front part of the non-articular 
area on the tibial head in its course. 

The synpvial membrane of the knee-joint is not only the largest, but the most 
elaborately arranged of its kind in the body. It not only lines the capsule, but it 
forms a more or less extensive covering for the intracap^ular ligaments and the 
free surface of the infta-patellar pad of fat. This pad acts as a wedge which fits 
into the interval between the patella, tibia, and femoral condyles, and the synovisl 
membrane upon its surface forms a band or fold which extends from below the 
level of tile jiatellar articular surface tq| the anterior part of the intercondyloid 
notch. This is In no sense a ligament, althougli it is named the ligamentum 
mucosum, or plica^synovialis pateUaris. At its femoral end it is narrow and attenu- 
ated, but at its j)atellar end it expands laterally to form wing-like fringes or mem- 
branes — the alar ligaments (plicas alares) — which are often distinguished from eacli 
other as the inner (plica aliformis medialis) and the outer (plica aliformis lateralis). 
These foldSi are more or less loaded with fat. 

Apart from these special foldings, the synovial membrane lines the deep surface 
of the common^ extensor tendon, and extends upwards for a variable distance above 
the patella. This extension of the joint-cavity almost always communicates with 
a largp bursa situated still higher on the front of tlio femur. Tracing tlie synovial 
membrane downwards, it will be found to cover both*surfaces of the semilunar fibro- 
cartilages. The periiDheral or convex margins of these cartilages are only cover63d 
by this membrane where they are unattached to the capsule. A prolongation 
invests the intracapsular portion of the tendon of the popliteus muscle, and 
separate# this tendon from the back part of the tibial head, besides intervening 
between the external semilune and the head of the tibia. 

Erom the back part of the joint-cavity the synovial membiane extends forwards, 
and provides a partial covering for the crucial ligaments. 

* This somewhat cemplicated arrangement of the synovial membrane may be 
readily comprehended if it be borne in mind that it really represents thfi fusion of 
three separate synovial membranes, which in some animals are permanently distinct. 
These are indicated in the two fernoro-tibial and the single femoro-patellar parts of 
the nrticufertion. * ^ 

The joint-cavity may communicate with bursae situated in relation to the inner 
head of the gastrocnemius muscle and the tendon of the semi-membranosus»musole, 
besides the large supra-patellar bursa already described. Lastly, there may be 
intercommunication between this joint-cavity and that of the superior tibio-fibular 
articulation. 

Movements at the Knee-Joint. — In studying the movements which may occur at the 
human knee-joint, it is necessary to bear in mind that the lower limb of man is primarily required 
for purposes of support and locomotion. The principal requirement of tiie former function is 
stability accompanied by rigidity, whereas in the latter function the special desideratum is, regu- 
lated and controlled mobility. Thus, in the same joint, two entirely ,oppo^^§ conditiqps have 
to be provided. The stable conditions of support are chiefly concerned in the inaintenance 
of the erect attitudcj and the mechanism associated ^herewith does not call for the exertion of a 
large degree of susteined muscular effort 

In standing etect the attitude of the limb is that of exten|ion, which mainly concerns the 
Pemoro- tibial parts of. the joint In this position the force of gravity acts Along a vertical line . 
which fallsin front of the transverse axis of the joint, and therefore any tendency ^ flexion, i e. 
bending ba^wards, is meehanically counteractea by the application of a force whieV tends to 
produce bending forwards (so-callea over-extension). This, "nowever, is absolutely prphibi in 
aorpiai stetes of the joint, W the^ tension of the posterior and lateral l^aments aided by the ; 
interior crudal ligaxneht * T.he value of this by observing the effect prciittCm 

^ving tlfb joint a sudden push from behind, which cjauses ah immed revei^l of the ppdtiops of 

bhe ttfthflyetse and vertical axes, whereby the body weight at once produces flexiph pf the ^ 

The semilunar cartilages and the ipIcapatelijEwr pad of fat a]bo assist 
3y reason of their close iuiaptatidigto/ahd condyle as these i^st upon^ 

Fhe anterior marj^ of the ihter|bhdyloia also brought into contact 

ie anteripr;:prucial:;lij^rnen^ ■: ^ 

In the position of e^nBion the pat^h^is m^^^^ata h^h^^^ 
!apevDf:the;femiuri:^:'thit.':fhe.Ipwer/mii®^^ 
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ending, a certain amount of screw movement or rotation. Flexion and rotation OQfJur at the 
feiuoro-tibial sections of tlie joint, whereas the movement at. the femoro-patellar portion produces 
a regulating and controlling influence upon flexion. 

Taking these lactors separately, we observe that each, condyle adapts itself to^a shallow cup 
formed by tlie head of the tibia and the corresponding semilunar cartilage, and as the two 
condyles ]flove siinultaneously and parallel to each other, there is more than the characteristic 
hinge-joint action, for each condyle glides and rolls in its cup “ like a wheel restrained by a 
drag ” (Goodsir) when the movement of bending occurs, i Thus the difi’erent jiarts of the condyles 
are successively brought into j-elation with the transverse axis of the joint whi.ie it passes from 
extension to flexion and versa. From the fact that the internal condyle is longer than the 
external, it is believed that extension is completfcd by a movement of rotation wherelSy the joint 
])ecomes locked, and the anterior crucial, the posterior and the lateral ligaimSits, become tense. A 
similar rotation initiates the movement of flexion, andf unlocks the joint tby relaxing the liga- 
ments just mentioned. * ^ 

Since the tibia and foot are fixed in the act of walking, it is the fcniur which rotates upon 
the tibia in passing from extension to flexion and vice versa ; and as relaxation of the ilio-fenioral 
ligament is essential for this rotation, some observers are of opinion that the body weight falls* 
behind the t ransverse axis of the knee-joint, as in the case of the hip-joint, and cons5‘quentiy that 
extension of the knee-joint is maintained by the ilio-femoral ligament, as it is not possible to 
bend the knee without first having bent the hip-joint. 

During flexion and extension the semilunar cartilages glide along with th^ condyles, so as to 
maintain their close adaiDtation and preserve their value as packing agents. When the movement 
of flexion is completed, the condyles are retained upon the tibia, and prevented fix)m slipping off 
by the tension of the posterior criiqjal ligament In this position a small degree of rotation of 
the tibia, both inwams and outwards, is also permissible. 

The regulating and controlling influence of the femoro-patellar j)ortion of the articulation is 
brought into play during the movements of flexion and extension. In the latter i>osition the 
inferioi* jiair of patellar facets is in api)Osition with the upj)er i)art of the femoral trochlea. As 
flexion advances, the middle pair of facets adapt themselves to a dee^^er area of the trcrdileA., into 
which the patellar keel fits. When flexion is still fiirtlier advanced, the upper pair of patellar 
facets will he found fitting into that part of the trochlea adjoining tlie intercondyloid notch ; 
and finall}’', wlien flexion is coinjilete, the patella lies opposite the intercondyloid notch, while 
the forward thrust of the longer internal condyle brings its semilunar facet (Goodsir) into^ 
apposition with the somewhat vertical facet at the inner border of the* patella. Tlie wedge-like 
influence ol^the patella is most marked, for it is only in the position of extension that it can be 
moved from side to side. The movements of the patella may be described as gliding and 
co-aptatioHj^ as it slips or rocks from one pair of facets to another in its progress along the trough 
of the femoral trochlea. 


THE TIBIO FIBULAR JOINTS. 

The upper and lower ends of the fibula articulate with the tibia. Primarily, 
the fibula is required^ to form a strong lateral support for the ankle-joint, and 
therefore its ^articulartions are so arranged as to provide a certain amount of 
elasticity without any sacrifice of the rigidity necessary for security. Hence the 
amount of movement is very small, but what there is, enables these joints to be 
classified as arthrqdial diarthroses. 

The superior tibio-flbular joint (articulatio tibio-ffbularis) is formed, on the 
one hand, by a flat oval or circular facet which is situated upon the postero-external 
aspect of the outer tuberosity of the head of the tibia, and is directed downwards 
and backwards ; on the other, by a Similar facet on the upper surface of the head 
of the fibula in , front 'of the, styloid process. 

A fibrops capsule (capsula articularis. Fig. 224) invests the joint, andnt may 
be regalded as holding the articular surfaces in apposition, although certain 
special bands receive separate designations. Occasionally there is an opening in the 
capsule by which communication is established between the joint-cavity and the knee- 
joint through the ifitermediation of the synovial prolongation, subjeusent to the 
tqndon of the popliteus muscle. 

The anterior superior tibio-fibular ligament (lig. capituli fibulae anterius, Fig. 223) 
is a strong flat band whose fibres expend from the •anterior aspect of the fibular 
head, upwards and inwards, to the adjoining part of the tuberosity of the tibia. ' . 

The posterior superior tibio-flbidar Ugament (Jig, carpitpli fibuloe anterius, ? 
Fig. 224) is a' similar, but weakeij band, passing upwards And inWirdA fn)iA 
posterior aspect of the fibular head to the posterior aspect of the outer tub^osity;;^^ 
of the tibia, Where they are attached immedmtely below the opening 
capsule of the knee-joint, from which the tendon of the popUteus ihUsqle esca^^^ 
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Equally strong bul much shorter bands are found on the superior and inferior 
aspects of the joint. The former is intimately associated with the tendon of the 
biceps whicj^i strengthens the upper aspect of the joint and here also is found the 
occasional opening by which it communicates with the knee-joiht. 

The synovial membrane is in certain oases continuoy.s with that of *the knee- 
joint in the manner already described. 

The interosseous membrane (Hierabrana interossea cruris, Figs. 224, and 226) 
plays the part of an accessory ligament both for the uppeaand the lower tibio-fibular 
joint. is attached to the interosseo|8 borders on the sliafts of the tibia and 
tibula, and binde?^ them together. The general direction of its fibres is from the 
tibia downwards* and outwards t« the fibula, but many fibres i)ajss in the opposite 
direction. The membrane may extend upwards until it comes into contact with 
the ligaments of the superior tibio-fibular joint, but there is always a vertical ov^l 
• aperture in its upper part for the forward passage of the anterior tibial vessels. 
Tiiis^ apefture (Fig. 224), which is about one inch long, adjoins the shaft of the 
fibula at a point rather loss than one inch below its head. Towards the lower 
end of the leg^the distance between the tibia and the fibula rapidly diminishes, and ' 
consegiuently the width of the interosseous membrane is correspondingly reduced, 
so tfi^t it is tense throughout its entire length. In the lower part of the membrane 
there is a small opening for the passage of the anterior perforating vessels. There 
is no sharply-marked demarcation between the interosseous membrane and the 
interosseous ligament which connects the lower ends of the tibia and fibula — the 
one, indeed, may be.,said to run into the other. • 

^The® inferior tibio-fibular joint (syndesmosis tibio-fibulare) is not on all 
occasions provided with articular cartilage, so that it may either be a sexmrate articu- 
lation, or it may merely present a series of ligaments which are accessory to the ankle- 
joint, because it is clear that, under any circumstances, the object aiined at in this 
articulation is to obtain additional security for the ankle-joint. The articular surface 
on the tibia, when present, constitutes a narrow articular strip on the out(jp side of the 
lower end of the bone, and the joint-cavity is practically an upward extension of the 
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A synovial membrane is found lining the small joint-cavity, but it is always a 
direct prolongation from that which lines the ankle-joint. ^ 


JOINTS OF THE FOOT. 
THE ANKLE-JOINT. 


The ankle-joint (articulatio talo-cruralis) is a‘ginglymus variety of a diarthrosis. 
The bones which entey intro its formation are the lower ends of the tibia and fibula, 
with the articular areas on tlie upper, latei(al, and inner surfaces of the actragalus. 
The tibia and fibula, fiided by the transverse inferior tibio-fibular ligament, form a 
three-sided socket within which tlie astragalutf is accommodated. The roof or 
highest i)art of the socket, which is wider in front than behind, is foymSd chiefly by 
the quadrilateral articular surface which characterises the lower end of the tibia, 
but towards its postero-external margin the transverse inferior tibio-fibular liga- 
ment assists in its formation. Here also the tibial articular surface is contiifuouS 
witli the narrow articular facet already described as forming part of the inferior 
tibio-fibular joint. The inner wall of the socket is formed by the articular facet on 
the outer side of the internal malleolus, and there is no interruption of the articular 
cartilage between the roof and inner wall. The outer wall of the socket is ♦quite 
separate from tlie foregoing parts, and consists of a large triangular facet upon the 
inner side of the external malleolus. This facet is situated immediately in front of 
the deep pit which cliaracterises the posterior part of this surface of the fibula. ' 

A small luiiated facet is frequent^ foiuid ui^on the anterior surface bf the lower end of the 
tibia, particularly among Ihose races characterised by the adoption of tlie “ squatting posture. 
When this facet exists it is continuous with the anterior margin of the rooi* of the socket, and it 
articulates with a similar facet upon the upper surface of the neck of the astragalus in the 
extreme flexion of the ankle-joint which “squatting” entails. 

The articular surface upon the body of the astragalus adapts itself to the tibifi- 
fibular socljet, and presents articular facets corresponding to the roof and sides of 
the socket. Thus the siiix3rior surface of the astragalus possesses a quadrilateral 
articular area, wider in front than behind, distinctly convex in the antero-posterior 
direction, and slightly concave tr.ansversely. In addition, towards it/ postero- 
external margin, there is also a narrow antero-posterior facet corresponding to the 
transverse inferior tibio-fibular ligament. The articular cartilage of this upper 
surface is continued witliout interruxition to the tibial and libular sides of the bone, 
although the margins of the suj)crior area are sharply defined from the lateral 
facets, the outer of which is triangular in outline, while the inner is pyriform, but 
in each case tht surface is vertical. 


Ligaments. — The ligaments form a comj)lete investment for the joint, i,6. a 
capsule in which the individual jiarts vary considerably in strength, and are 
described under sejourate names. „ 

The anterior ligament (Fig. 229) is an extremely thin membrane, containing 
very few lOneituflmal fibres. It extends from the low^er border of the tibia to the 



u|;)I)er border of the head of 
the astragalus, passing in 
front of a pad of fat, which 
fills up the hollow a^ove the 
neck of that bone. 

The posterior ligament (Fig. 
226) is attached to con- 
tiguous non-articular borders 
of the tibia and astragalus. 
Many &f its fibres radiate 
inwards from the external 


ligainont tibio-iiimiar ligammit malleolus. This aspect of the 

FV?* 227. — Aiiticulab Suhkaces of Tibia aniJ Fibula wAioh foint is strengthened by the 
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verse ligament aK'eady d^ribed in conneotioiirvwth the inferior tibib-fibiddr joint; ;; 
Tlie external lateral ligament (Figs. 22S' antf/229) is very pbwerfpt a^d ia divisiW 


into threjB fasciculi, wHich are distinguished from each other by names descriptive 
of their cliief points of attachment. 

The anterior fasciculus Qig. talo-fibulare anterius) is the shortest. It extends 
from the anterior border of the external malleolus to the astragalus immediately in 
front of its external articular surface. „ 

The middle fasciculus (lig. calcaneo-fibulare) is a strong and rounded cord. It 
is attached by one end to the froftt of the tip of the external malleolus, and by 
the other to the outer side of the os calcis, immediately^ above the groove for the 
peroneal tendons. 4 

The posterior fasciculus (lig. talo-fibulare posterius) is the strongest. It runs 
transversely between the lower jmrjj of the fibular fossa on the imier aspect of the 
malleolus and the posterior surface of the astragalus, wliere it is attached to the 
external tubercle and the adjoining rough surface. Sometimes this tubercle is 
©detached from the astragalus, and represents a separate bone — the os trigonuiii. 

^ The inifemal lateral ligament (lig. deltoideum. Figs. 227 and 228) has the general 
shape of a delta, and is even stronger than the external ligament. It is attached above 
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^ 228 . — Ligaments on Inner Aspect op Ankle and Foot, 

to a marked impression on the lower part of the internal malleolus, and below, in a 
continuous layer, to the scaphoid, astragalus, and os calcis. In it we may recog- 
nise the following special bands— (a) the li^, talo-tibiale anterius, vfhieh extends 
from the front of the inner malleolus to the neck of the astragalus ; (6) the lig, 
talO’tihiale stretching between the back of the idner malleolus and the 

postero-internal rough surface of the astragalus ; (c) the lig, tihio-na'ificulare, which 
extends from the tip^of the inner malleolus to the inner side of the scaphoid; (d) 
the lig, calcaneoMlnale, which extends between the tip of the inner malleolus and 
the inner side of the sustentaculum tali; {e) the lig. talo-tiUale %rofundum, which 
consists of deeper fibres extending from the tip of the internal .jjliaUeolus^ the 
inner side of the astragalus, 

Synovial membrane lines the capsular ligament, and, as already described, the 
joint-cavity communicates directly with the inferior tibio-fibularjoint. ^oth at 
the froKkt and back, of the ankle-joint, as well fis superiorly in thtf^hgle formed by 
the three bones, the synovial membrane covers pads of fat. ■ V • - 

; ^ at the Ankle-Joint.— In the erect attitude the foot is pla(^ at right angles to 

the leg ; in other Words, the normal position of the Ankle-joint is flexion. Thblse hioveitients 
which tend to diminish the angle so formed; by the dorsum of the fobt and^ t^^ of the ^ 
1(^^ are caUed dorsiflexion, while those which tend to increase the angle, 
foot upon the ibg, are (^lled axten^^ As a matter of fact^^ dpMflexioh. nor extensiph- ; 

are ever completely <aitried put, and the range pf movement of Which 
to about 90 V These ihOVem^mtB oectir ab^ axis, as is- 

^natural outward Minting of the toea ; The Wi^hh of the bc^ 
joint, so that a certain amount of mu^ukr dimm.d8 ;necessit^ 


1»t angles tb^thh ; Icg l :httlf addiSc^ 

; ■ of 


iL-;as^W4 
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fibula, whereas in doi'sillexion, as in raising the foi*e part of the foot from the ground^ the widest 
part of the astragalus is forced back between the tibia and fibula ; but notwithstanding the dif- 
ference between these two movements, the fibula lemaiiis in close contact with the astragalus by 
leason of tlie action of the transverse inferior fibro-fibular ligamelit and the posteiior talo-fibular 
ligament, so that lateral movement is prevented. 

It is cknibtful wliother Ipleral movement at the ankle-joint can be obtained by any natural 
movement of the foot, although it is generally believed that in the position of partial extension 
a small amount of laterfil movement may be produc^'d by the application of external force. 
“This apimrent play ” of the ankle-joint during extension “is realiy due to oscillation of the 
small bones of the foot Qii eaSJi other, largely of the scaphoid on the astragalus, but also of the 
cuboid on the calcaneum. Excessive mobilitjli of these latter is restrained by a*f. important 
function of tlie posterior tubercle of the cuboid which locks into a ncAcli in the os calcis” 
(Blake). » ^ 

INTERTARSAL JOINTS. 

These joints (articulationes inter tarsess) are all diarthroses in which ^the glidings 
movement is characteristic, as in the carpus. With the view of obtaining a proi)6r con- 
ception of the many beautiful mechanical I3rincix)le8 involved in the construction of the 
foot, it is necessary to study these articulations with considerable attention to detail. 

Articulatio Talo-calcanea. — The astragalus and os calcis articulate with each 
other in the articulatio talo-calcanea. • 

This joint is situated between the inferior facet on the body of the astragalus 
and a corresponding facet on the iifiper asi)ect of the hinder part of the os calcis. 
On each bone the articulation is limited in front by a wide dee]) groove ^hich 
runs obliquely across each bone from within outwards and fo]«wards. 

The suiqiorting and investing ligaments form a capsule, consisting for*fche* most 
part of short fibres, but the joint derives additional strength from the external and 
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internal lateral ligaments of the ankle-joint. The capsule is subdivided into the 
followiikg f(,toagalo-calcaneal or talo-calcaneal bands : — 

The' anterior talo-calcaneal ligament (Fig. 229) consists of a band of short 
fibres i)laced immediately in relation to the anterior end of the deep groove which 
bounds the articulan, facets. They are attached to 'the antero-external aspect of 
the neck of the astragalus, from which they extend downwards to the ''adjacent 
sujperior surface of the os calcis. 

The external talo-calcaneal ligament (Fig. 229) is jii continuity with the hinder 
border of the preceding ligament, anfl it is placed parallel to, but on a deeper 
plane than, the middle fasciculus of, the external Ijkteral ligament of the ankle^ 
joint. It 'consists of short fibres passing between the adjacept rough outer niargips 
of tbe two bones, * " , . 

Tliff posterior talo- calcaneal ligament (Fig. 229) closes the joint cavity; on 
posterior aspect. It consists of ^bres which radiCrte from the pdsterior 



the external tubercle of the astragalus to the upper surface of the os calcis, 
iniiiiiediately behind the articular facet. 

The internal talo-calcaneal ligament (Fig. 228) lies obliquely on the inner side 
of the joint, and consists of fibres which extend from the inner posterior tubercle 
of the astragalus to the hinder roughened border of the sustentaculum tali. Some 
of its fibres become continuous with the internal calcaneo-scaphoid ligament. 

The interosseous >talo-calcanea£ ligament (Fig. 229) closes the antero-internal 
aspect of the joint. It is the strongest of the series of ligaments entering into the 
capsule. "Compared with it* the other binds are, comparatively speaking, insigni- 
ficant. Its attachments are to the bottom of each groove, so that it occupies the 
tarsal canal formed by these opposing grooves. * 

A synovial,. membrane lines the capsule, and it is distinct from other tarsal 
synovial membranes. 

Articijlatio Talo-calcaneo-navicularis. — This is one of the most important of 
tile joints '^of the foot, not only because the astragalus is here situated in relation 
to the summit of the antero-posterior arch of the foot, but because the head of 
the astragalus js received into a composite socket made up of sustentaculum tali, 
scaphoid, and the inferior or internal calcaneo-scaphoid ligament. 

The articular surface on the head of the astragalus presents anteriorly a 
convex rounded facet for articulation with the scajihoid, inferiorly a convex facet 
which rests upon the sustentaculum tali, and intei’inediate between these two there 
is a*triangular facet which articulates with the inferior calcaneo-scaphoid ligament. 
All these facets are in continuity with each other, and are an front of the tarsal 
grodVe dn the under surface of the astragalus. Occasionally a fourth narrow facet is 
found along the outer and hinder part of the articular surface of the head of tlie 
astragalus, whereby it articulates with superior or external calcaneo-scaplioid ligament. 

^ . The scaphoid or navicular bone presents a shallow, cup-shaped, articular cavity 
towards the head of the astragalus. 

The articular surface of the sustentaculum tali is concave, and is usuq.lly marked 
off into two facets. 

Two , ligaments j)lay an important part in binding together the os calcis and 
the* scaph^f, although these bones do not directly articulate ; and further, thes^ 
ligaments provide additional articular surfaces for the head of the astragalus. 
These are the two following : — ^ 

(a) The inferior or iuter^ calcaneo-scaphoid ligament (Figs. 228 and 230) is an 
extremely powerful fibro-cartilaginous tie-band. It extends between the anterior 
margin of the sustentaculum tali and the inferior surface of thfe*scaphoid bone. Certain 
of its upper fibres radiate upwards on the inner surface of the scaphfiid, and become 
continuous with the tibio-navicular portion of the deltoid ligament of the ankle- 
joint. The plantiEtr aspect of this ligament is in contact with the tendon of the 
tibialis posticus muscle, through which the head of the talus reSeives great support. 
Superiorly it contributes an articular surface which forms a tri^^pgular p<^tion of 
the floor of the composite socket in which the head of the talus is received. 

(&) The superior or external calcaneo-scaplioid ligament (I'ig. 229) lies deeply 
in the front part of the sinus tarsi, i,e. the interval between** the astragalus and bs 
Qalcis.o Its fibres vure short, and extend from the dorsal surface 6t^the front part 
the os oaJois, immediately to the outer side of the sustentacular facet, forwards to 
the outer side of the scaphoid bone. Frequen tly the Ugament presents "a; 
which b^iculetes^^^^^^ astragalus, and in these cases it forfois a pa.rt : 

of ■:ttie;compo8ite socket., - .V-’-. ■ ^ 

/ ^ ThS COTity of the talp-^calcaneo-havicular^ j is closed posterio^ 

ihterbsseous talorcalpaneal ligament aJready deecribed^s^^ O 

iuf^r ^ii^ots it iB;piQ8ed by the 

'i:;':- i.The\atipeiibr ^and; 'hiterpl, 
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A distinct synovial membrane lines all parts of the capsufe of the joint.^ 
Articulatio Calcaneo-cuboidea. — This is situated between the anterior concavo- 
convex surface of the os calcis and the posterior similar surface of the cuboid. 

The ligaments which invest this joint constitute a calcaneo-cuboid capsule, whose 
parts are* arranged in rejatioii to the four iion-articular sides of the cuboid bone, 

and are especially strong upon the 
plantar aspect, in relation to their great 
importance in resisting strains. 

I The internal calcaneo-cuboid ligament 
(Fig. 229) occupies part of the interval 
betwpen the astragalus and os calcis — 
sinus tarsi. It is sometimes called the 
interosseous calcaneo-cuboid ligament, 
and, in conjunction with the superior or < 
external calcaneo-scaphoid li^amoQt, it 
forms a V-shaped structure, of which 
the single end is attaghed to the os 
calcis, and the double ends separate to 
reach contiguous areas on the sc«^phoid 
and cuboid respectively. 

'.rhe dorsal calcaneo-cuboid ligament 
(Fig. 229) is a broad portion of< the 
capsule extending.^ between the dorsal 
surfaces of the two bones. < 

The external calcaneo-cuboid ligament 
(Fig. 229) is another but narrower part 
of the capsule which extends from the 
outer aspect of the os calcis to the ouCer 
side of the cuboid, immediately behind 
the facet on the tuberosity. 

The inferior calcaneo-cuboid ligaments 
are two in number — a supeincial axd a 
deep. The superficial series of fibres,* 
the long plantar ligament (Fig. 230), is 
attached tq the under surface of the os 
calcis in front of its tuberosities. It forms * 
a long powerful structiure which runs forwards to be fixed to the under surface of the 
cuboid ridge, Ifat many of its fibres pass superficial to the tendon of the peroneus 
longus, and extend to the bases of the third, fourth, and fifth nletatarsal bones. 

The deep series of fibres, the short plantar ligament (Fig. 230), is distinctly separated 
from the former by U layer of areolar tissue. It forms a &oad but short band of great 
strengtji, which is attached to the under surface of the front end of the os calcis, 
and extendrS to’ llie under surface of the cuboid just behind the ridge. Both of 
these ligaments are of great importance in maintaining the longitudinal arch of the 
foot, and in this respeot are only second to the inferior calcaneo-scaphoid ligaments. 
A synovial mds:Librane line^ the capsule. «i 

Trangv^se Tarsal Articulation. — This is a term sometimes appligd to the 
astragalo-scaphoid and calcaneo-cuboid joints. These articulations do not communicate 
with each other ; and although there is an occasional direct articulation between the 
scaphoid and cuboid,it/loes not constitute anextensionof ‘the transverse tarsal joint, but 
is a prolongation from the series of scapho-cuneiform and cuneo-quboid articifiations. 

Nevertheless there is always a set of ligaments which bind the scaphoid and 
cuboid bones together, and these may be regarded ps accessory to the various 
transverse tarsal joints. • 

Tlie dorsal scapho-cuboid ligament (Fig. 229) consists of short oblique fibres which 
att&oh the contiguous dorsal surfaces of the cuboid and scaphpid^ bones. 

TJie plantar scapho-cuboid ligam'ent (Fig. 230) is transverse in direetion, and r 
extends between adjacent plantar areas of the cuboid and scaphoid hones. 

The interosseous scapho-cuboid ligament intervenes betwen contigu^^^^^^ surfaces 
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of the same bones. When there is an extension of the scapho-cuneiform joint 
backwards between the scaphoid and cuboid, it is situated in front of the last- 
mentioned ligament, and is called the articulatio scapho-cuboidea. Around this 
joint the preceding ligaments are grouped. Since, however, the joint is inconstant 
while the ligaments are always present, it is preferable to^ consider them, as above 
indicated. 

Scapho-cuneiform ArticulatilDn (articulatio cuneonavicularis). — This joint is 
situated between the scaphoid and the three cuneiform bcyies. The anterior surface 
of the scaphoid presents facets for each of the cuneiform bones, b*ut its articular surface 
is not interrupted/ These facets form a somewhat convex anterior surface which tits 
into the shallow , articular concavijiy presented by the jproximal ojids of the three 
cuneiform bones. This joint may be extended by the occasional scapho-cuboid 
articulation already referred to. 

The capsule is composed of short strong bands whicli are distinctly visible 
cm all side3fe except towards the cuboid bone, where the joint may communicate 
with the cuneo-cuboid and scapho-cuboid joints. Anteriorly the joint communi- 
cates with the intercuneiform articulations. The dorsal parts of the capsule are 
short longitudmal bands termed dorsal scapho-cuneiform ligaments (Figs. 228 and 
229). ^ These extend without interruption to tlie inner asjject of the joint. 
Inferiorly there are similar bands, known as plantar scapho-cuneiform ligaments 
(Fig. 230), also longitudinal in direction, bilt intimately associated with olfsets 
frona the tendon of the tibialis posticus muscle. 

The synovial mergbrane which lines the capsule sends prolpngations forwards on 
eacbsid® of^the middle cuneiform bone, and in addition it often communicates 
with the cuneo-cuboid joint-cavity, and it always communicates with the scapho- 
cuboid cavity when that joint exists. 

Intercuneiform Articulations. — These are two in number, and exist between 
adjacent contiguous surfaces of the three cuneiform bones. These surfaces are partly 
articular and partly non-artioular. The small size of the middle cuneiform bone 
allows the internal cuneiform as well as the external cuneiform to project forwards 
beyond it on both sides, and therefore the articular surfaces turned towards the middle 
cuncifori^iKe not entirely occupied by that bone. They form a recess towards 
the metatarsus, into which the base of the second metatarsal bone is thrust. 

Dorsal intercuneiform ligaments (Figs. 228 and 229) constitute fairly strcaig 
transverse bands which extend between adjapent dorsal surfaces and invest the joint 
cavities in this direction. 

The plantar or interosseous intercuneiform ligaments (F'Sg. 230) are two strong 
bands which pass from the rough non-articulur areas on opposite sides of the 
middle cuneiform tcf the opposing surfaces of the inner and outer cuneiform bones. 
The^e ligaments shut in the joint-cavities inferiorly, and also anteriorly in the case 
of the outi^ of the two jcjints. • 

The synovial membrane is an extension of that which lines the|capho-cupeiform 
joint; but while it is restricted to the outer of the two joints, iri the cbse of the 
inner one it is prolonged still further forward to the tarso-metatarsal series of joints. 

Oubo-cuneiform Articulation.— This occurs between the? rounded or oval facets 
On the^opposing surfaces of the cuboid and external cilheiform. 

The dorsal cttbo-cuneifom ligament (Fig. 229) is a flat, somewhat t^^aiisverse, 
band which closes thegoint on its superior aspect, and extends between the domal 
surfaces of the two boh^ 

• The plantar cubo-cimeifox^ ligament m difficult to determine. It is situated su^^^^^^ 
jaoent |©;the extends between adjaGeht rough surfaces 

of the^'twoboue^^^^^^ ■ ^ 

The interosseous i!ubo^cu{i.eiforpai^^^^^^ is the strongest.; It closes the jpiut 
cavity auteriprly, an<i is attached; ^ nonr^ticul^^^^^ 

two opiijes... ^ ' \ 
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with the tarsal articulations, viz. : (1) talo-calcaneal ; (2) tal©-calcaneo-navicularis ; 
(3) calcaiieo-ciiboid ; (4) scapho-cuneiform and its extensions; (5) occusionijlly: 
cubo-cuiieiform. 

TARSO-METATAllSAL JOINTS. ^ * 

The tarso-metatarsal joints are found between certain articular facets on the 
cuboid and three cuneiform bones on the one ha»d, and others on the bases of the 
five metatarsal bones. These articulations , are associated with three distinct 
synovial cavities — naKiely, an inner, middle, and oiiter^ 

(1) The inner tarso-metatarsal articrolation occurs between^ the distal convex 

reniform surface Qf the internal cuneiform bone and the concavo^-reniform surface 
on the proximal aspect of the base of the first metatarsal bone. ^ 

Ligaments which form a capsule (Figs. 228 and 230) surround tiie articulation. 
In the cajDSule the dorsal and plantar tarso-metatarsal bands are its strongest parts, 
but it is not deficient either on the inner or on the outer aspects. 

A separate synovial membrane lines tlie capsule. 

(2) The middle tarso-metatarsal articulation is an elaborate joint. It 
involves the three cuneiform bones and the bases of the second, thitd, and part of 
the fourth metatarsal bones. 

The articulation presents the outline of an indented parapet both on its*tarsal 
and its metatarsal aspects. Tims, on its torsal side, the inner and the outer cunei- 
form bones project in front of the middle cuneiform, so that the latter only presents 
a distal surface to the^ articulation ; while the internal cuneiform presents a portion 
of its external surface, and the external cuneiform presents 'both its digtal,and 
portions of its outer and inner surfaces, since it projects in front of the cuboid 
bone. On its metatarsal side the base of the second metatarsal bone fits into the 
indentation between the outer and inner cuneiforms, to which it presents external 
and internal articular facets, but its proximal facet rests upon |the distal facet of the 
middle cuneiform. The base of the third metatarsal bone rests its proximal facet 
upon the oTutcr cuneiform. The fourth metatarsal base presents part of its internal 
facet to the external side of the outer cuneiform. In this way the indentations 
alternate on the two sides of the articulation, and an extremely powerfjjHnterl 9 ck- 
fng of parts is provided, which places any marked independent movement of these# 
metatarsal bones entirely out of the question. 

The ' dorsal tarso-metatarsal ligaments (Fig. 229) are broad flat bands which 
represent the most distinct parts of an investing capsule. They pass from behind « 
forwards, and while the second metatarsal bone receives three, i.e. one from each 
cuneiform, thc<4hird metatarsal only receives one — from the external cuneiform. 

The plantar tarso-metatarsal ligaments (Fig. 230) correspond with the foregoing 
in their general arrangement, but they are weaker. That for the second metatarsal 
is the strongest. oOblique bands extend from the inner cuneiform bone to" the 
second "and third metatarsals. 

The interosfiebus cuneo-metatarsal ligaments are three in number. The inner 
connects tlie outer side of the internal cuneiform with the inner side of the base of 
the second metatarsal ,.bone. The middle connects the inner side of the external 
cuneiform with outer side of the base of the second metatarsal. The outer 
connects the adjacent outer sides of the external cuneiform and third metatjrsal. 

The syn6vial membrane, which lines this articulation, sends a prolongation back- 
wards between the inner and middle cuneiform bones, where it opens into the 
scapho-cuneiform joint. It is likewise prolonged forwjards upon both sides of each 
of the bases of the second and third metatarsal bones. #irv . 

i (3) The external tarso-metatarsal articulation is found between the proximal 
surfaces of the bases of the fourth and fifth metatarsal bones^and the distal surface 
of the cuboid. r * 

The investing capsule may be resolved into the following liganaents:— / y' 
«^The dorsal tarso-metatarsal ligameiits (Fig. 229) res6mble those almady described* 
The base of the fourth metatarsal receives one;from the exteiiial cuheiform and 
fromHhe cuboid. , The base of the fifth metatarsal receives one front the- cuboid. 

The plantar tarso-metatarsal ligaments (Fig* 230 ) are the weak^t; b^nds the 



series, and consist of soattered fibres passing from the cuboid to the bases of the 
two /netatarsals. Some fibres, which are almost transverse, extend from the 
external cuneiform to the fifth metatarsal, and additional fibres reach tlie meta- 
tarsals in qu^tion from the long plantar ligament (calcaneo-cuboid). 

Occasionally the tarsal end of the external interosseous (cuneo-metatarsal) liga- 
ment is attached to the inner margin of the cuboid. • * 

The synovial membrane is restricted to this articulation, and merely sends a 
prolongation forwards between the opposing articulate aspects of the fourth and 
fifth metatarsal bases. ^ * , 

intermetataIisal joints. 

The intermetatarsal articulation^ are found between adjacent lateral aspects of 
the bases of the four outer metatarsal bones. • The articular facets are small, oval,, 
gr rounded surfaces which occupy only a limited portion of the flattened contiguous 
sujfac^ of bhe bones. Each joint is provided with a capsule, which, however, is not 
a complete investment, because the three joint cavities are in free communication 
lon their proximal aspects with the tarso-metatarsal joint cavities — one with the 
outer a,nd two wfth the middle. The definite fibres of each capsule are situated 
chiefly in the transverse direction. 

The" dorsal ligments (Fig. 229) are short bands which extend from one base to 
the other. « * 

The plantar (Fig. 230) and interosseous ligaments are similarly arranged, but the 
. latter are the strongest and most important members of this series. 

The s;povial memlSisnes are extensions from those which" line the outer and 
middle tarso-metatarsal joint cavities. 

Frequently a bursa is found between the bases of the first and second metatarsal Imnes. It 
produces an appearance of indistinct facetting upon these bones, and it may communicate with 
’* tlie 'Inner tarso-metatarsal .(cuneo-metatarsal) joint. 

The transverse metatarsal ligament (Fig. 230) lies upon, and is attachod to, the 
non-articular plantar aspects of the heads of all the metatarsal bones. It diflers 
from the corre sponding ligament in the palm in the fact that it bindfe all the 

S etaCarsal bShes together, whereas in the palm the thumb is left fr^e. It is* 
osely associated with the plantar fibrous plates of the metatarso-phalangeal joints, 
to the plantar surfaces of which it contributes prolongations termed ligamenta 
^essoria plantaria. • 

METATARSO-PHALANGEAfi JOINTS.’* 

Each of these joints is a modified ball-and-socket in which a shallow cup upon the 
bases gf the first phalanges receives the somewhat globular head of a metatarsal bone. 

Each joint retains a ipodified capsule (Figs. 228 and 230) which invests the 
joint. Its only distinct bmids are the ligamenta coUateralia. These are strong . . 
cord-like bands which are situated on the inner and outer side?**of egch^joint, 
where they extend between adjacent rough surges. 

On the dorsal aspect ligameuts distinct fidm the dorsal^expansion of the ex- 
tensor tendons, can hardly be said to exist. lihe plaotar aspeql^fHhe bapsule ; 
consists of A t^iok fibrpus plate, which in the case of the great toe prSre^ 
developed mthin it two large sesamoid bones. In the other toes this phtite reipaipS' 
fibroiis ithioughout, and is g^ved on its plantAr aspect for the {^eommodation pf ; 
the long flexor tendons. • It thus be seen that the metatarso-jphalahge^ joints ate 
oonstruetsd upbh a plan very simflar to that of the cQrrespopdmg jomte in the handv ; 
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Each joint j)osseBses a capsule (Figs. 228 and 230) which is either very thin 
or limited to synovial membrane on the dorsal aspect. The plantar surface of the 
capsule is strengthened by a fibrous plate. The lateral ligaments (ligamenta 
collateralia) are well-defined bands similar to those already described ' in connexion 
with tlie metatarso-plialangeal joints. 

A synovial membrane lines each capsule in the series. 

Mechanism of the foot. — The bones of the foot are arranged in the fi)rin of a longitudinal 
and a transverse arcli. The 'longitudinal arch is built on a A’^ery remarkable plan. Posteriorly 
the mass of the os calcis constitutes a rigid and stsfble pier of support, Avhile anteriorly, \\y increasing 
the number of component parts, the anterior pier acquires great flexibility .and elasticity without 
sacrificing streugtl^ or stability. The summit of the arch is Ibrmed by the astragalus, which 
receives the Aveight of the body from the tibia, and the resilience of the arch is assured by the 
calcaneo-scaphoid and calcaneo-cuboid ligaments, together with the plantar fascia, which act as 
i)OAverful braces or tie bauds, iircvcnting undue seiiaration of the i)iers of the arch, and consequent 
flattening of the foot. The weight of the body is distributed over all the five digits, owing to^ 
the arrangement of the bones of the foot in tAvo parallel columns, aii inner and an outer. The 
former, consisting of the astragalus, scajjhoid, and the three cuneiforms, with the three inner 
metatarsal bones, distributes Aveight through the talo-S(japhoid joint, Avhile the latter (t.e. tlie ^ 
outer column), comprising the calcaneum, cuboid, and the tAvo outer metatarsal bones, acts in a 
similar manner tlirough the talo-calcanean joint. The main line of immobility of this arch 
passes from the lieel forAvards through the middle toe, but its anterior section, which is slender, 
is supported on either side by two metatarsal bones, with their proximal tarsal associaMons, in 
all of Avhich greater freedom of mo /emer^ is found. The transverse arch is most marked at the 
level of tarso-meta tarsal articulations. The intersection of these two arches at right angles to 
each other introduces an architectural feature of great importance in connexion with the 
suiiport of heavy weights. These longitudinal and transverse arches^ of the foot are in effect 
“ vaults intersecting each other at right angles, and in relation to the ’area which is compiou to 
both “vaults” the body Aveight is supeiqiosed exactly as the dome of a cathedral is carried 
upon two intersecting vaults. 

Movements at the Joints of Tarsus, Metatarsus, and Phalanges. — Considered in detail, 
the amount of movement Avhich takes place between any two of these bones is extremely small, 
and, so far as the tarsus and metatarsus are concerned, it is mostly pf the nature of a gliding* 
motion. 

At the tuetatarso-jihalangeal and interphalangeal joints movement is much more free, and 
is of the nature of flexion (bending of the toes toAvards the sole of the foot, Le. plantar flexion) 
and extension. Tlie latter movement Avhen continued so as to raise the toes from the ground, 
and bend €=-r ai)]n’oxiniate them towards the front of the leg, is termed dorsiflex^M??'^ Coincident 
^Avith dorsiflexion there is always associated a certain amount of spreading of the toes, Avhich 
called abduction, and similarly with prolonged flexion there follows a diminution or narrowing 
of the transverse diameter of the front part of the foot by drawing the toes together — a move- 
ment termed adduction. In the foot the mpvemcnts of abduction and adduction take place in 
regard to a plane Avhicli bisects tlie foot antcro-posteriorly through the second toe, for this tob 
carries the first and second dorsal interosseous muscle. 

Notwithslaijj:ling the small amount of possible movement in connexion with individual 
tarsal and metatarsal joints, yet the sum total of these movements is considerable as regards the 
entire foot. In this way the movements of inversion and eversion of the foot result By 
inversion we mc^an the raising of the inner border of the foot so that the sole looks inwards, 
while the toes are depressed towards the ground, and the outer border of the foot remains down- 
wards/ This takes place chiefly at tlie talo-calcanean joint, but the transverse tarsal joints also 
participate.. 

Eversion is chiefly the ojjposite of inversion, and the return of the foot to the normal position 
of the erect attitude ; but under certain conditions it may be carried further, so that the outer 
border of the toot is raised from the ground, Avhile the inner border is depressed. In both of these 
movemetits tluAi'e ^/otation betiween the astragalus and os calcis about an oblique axis which 
passes Ironi ^/he inner side of tlie neck of the astragalus to the outer and lower part ^of the ps 
calcis. f 

Of course all the movements of the foot are subordinated to its primary functions as an orgaii 
of support and progression. For these purposes its longitudinal and transverse archps are 6f ; 
extreme importance. The longitudinal arch resting on the ps calcjs behind and the heads of 
the metatarsal bones in ‘front receives the Aveight of the body, as already explained, on the suminit 
of the astragalus in the line of the third toe. Hence it is that the inner malleolus appears to be 
iiiiduly prominent on the inner side of the ankle. The transverse arch buttresses the longitudinal ; 
one, and therefore, whether the body Aveight fall to the outer or the infter side of the longitudinal 
arch, it is supiJorted by a mechanism at oncci stable, flexible, and elastic, dr resilient, ana capable 
of reducing to a minimum all jars that may be received by the forepart of the foot. . As the heel 
is raised, in the act of walking, the weight is gradually transferred froip the outer to the inner 
sfiie of the foot^ until the foot finally leaves the ground with a pi;ppulsiAre movement, ?yliicti !; 
results from flexion of the phalanges of the great tde. In this\onhection it is yofthy^o 
that tlie longitudinal line of greatest strength is on the inner side of the lpiogitudinjal; arehj 
in relation to the gi*eat toe. 



THE MUSCULAR SYSTEM. 

MYOLOGY. 


By A. M. Paterson. 

The movements of the various parts and organs of the body are brought about by 
the agency oT muscle-cells, characterised by a special histological structure and by 
the special function of contracting in lengiji under tlie influence of a proper 
stimulus. The. following section deals solely with the skeletal muscles, the 
structure, arrangement, and mechanical action of which are based upon a common 
plan. ' * 

l^he ftells of which the skeletal muscles are composed are long, narrow, and 
characterised by a peculiar striation, which is different fi'om the striation of 
the muscle-cells of the heart; they also differ both in structure and function 
. frqm the non-striated (and involuntary) muscle-cells which occur in viscera and 
vessels. * 

A typical skeletal muscle consists of a fleshy mass enveloped in a m\ftnibranous 
aponeurosis or fascia, and provided at its attached ends or borders with membranous 
or tendin ojft s connexions to bone, cartilage, or fascia. , 

, EeKJh muSble is made up of a number of fasciculi or bundles, arranged togethef 
in different ways in different muscles, so as to give rise to the particular form of 
the muscle in question. These fasciculi are connected together by a Helicate 
connective tissue, the perimysium externilm, continuous externally with tlie 
aponeurosis enclosing the muscle. , 

Each muscular bundle or fasciculus is composed of a nuhaber o^ narrow, elon- 
gated muscle-cells or fibres, held together by a still more delicate connective tissue, 
the perimysium internum ; this tissue is connected on the one hand \|/ith the sarco-^ 
lemma or cell -wall of the muscle- cell, and on the other han(l with the coarser 
tissue of the perimysium teternum enclosing the muscular bundles. 

By means of these connective tissue envelopes the muscle-ceils, the* e^htial 
agents of motor activity, are brought into firm and intimate relatioii with the 
osseous or other attachments of the muscle. * Through the ^enoy of sarcolemma> 
perimysium internum, ^perimysium externum, ^^poneurosis, and tg^Q% the’muscle- 
cell when contracted can produce a precise arid definite effect upon the weight to 
be.moved.®- . 

®ach muscle m by one or more nerves, which, after 

substance of the muscle, separate into sriialW^^^^^a^^ sinaUer bran 
forming^ fecial termintJl end organs in relation to each inus(^ 

While a thus be looked; 

properti^? a definite' napyeinent^; m a,^st|jriri 

■ simiultweous^ricmtr^tion - -ebna^^ 

; ■ c6nei<tei:rid 
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Stratum, as in the limbs, or from the fusion of segmental elements (myotomes)^ as in 
the case of the axial muscles; the peripheral nerves supplying skeletal muscles are 
distributed, through the plexuses or directly, so as to associate particular mui^les 
morphologically and physiologically, and to secure a co-ordinated moverment by the 
simultaneous contraction of several muscles together. 

Superficial Fascia.— -The superficial fascia is a continuous sheet of areolar 
tissue which underlies the skin of the whole bqdy. It is closely adherent to the 
cutis vera, and is sometimes termed panniculus adiposus, from the fact that, except 
beneath the skin of the^‘ eyelids, penis, jand scrotum, it is always more or less 
impregnated with fat. It is traversed ICy the cutaneous vesselg and n&ves ; and 
its deep surface, .mciubranous in character, is in loose connexion with the subjacent 
deep fascia. ^ 

Deep Fascia. — Underneath the skin and superficial fascia ‘ is a fibrous 
membrane, bluisli- white in colour, devoid of fat, and in closest relation to skeleton, 
ligaments, and muscles. This is the deep fascia. It covers, invests, ai?4 in some" 
cases forms the means of attachment of the various muscles. It has a special 
tendency to become attached to all subcutaneous bony prominences, and to be 
continuous with the connecting hganients. It forms septal processes, which 
separate groups of muscles and individual muscles ; enclose glands and viscera ; 
and form sheaths for vessels and nerves. Around joints it gives rise bands 
which strengthen the capsule br limit the mobility of the joint, or, as in the case 
of annular ligaments, bind down the tendons passing over the ^int. It not^only 
enshcathes vessels and nerves, but is also perforated by those which pass between 
superficial and deeper parts. ' 

The term aponeurosis is used in relation to muscles. It is synonymous with deep 
fascia, either as an investing fascia or as a membranous layer which (e.g. vertebral 
aponeurosis) performs at one and the same time the purpose of a deep fascia and 
the expanded membranous attachment of a muscle, ^ . 

Bursae. — Where a tendon passes over a bony surface, or where the superficial 
fascia and* skin cover a bony prominence, there is generally formed a synovial 
sac, or bursa, containing fluid, for the purpose of lubricating the surface over 
which tlifi tendon or fascia glides. AUied to these are the syiy^^fal sheaths 
Vhich envelop tendons beneath the annular ligaments in relation to the several 
joints. 

Description of Muscles. — In studying the muscular system it is necessary to 
note the following characters in reference to each muscle : — (1) The sJiape of the 
muscle — flat, cylindrical, triangular, rhomboidal, etc. — and the character of its 
extremities — ♦membranous, tendinous, or fleshy. (2) The attachments of the muscle. 
The origin is the more fixed or central attachment : the insertion is the more mov- 
able or peripheral attachinent. (3) The relations of the surfaces and borders of the 
muscle to bones, .joints, other muscles, and other important structures. (4) Its 
vascular and nervous supply ; and (5) its action. It must be borne in mind that 
hardly any sifigUe muscle acts alone. Each muscle, as a rule, forms one of a group 
acting more or less in harmony with, and antagonised by, other and opposite 
groups. 

The mugolev;»f the body are separable histologically into two great divisions^ 
according to the character of the muscle-cells. Striated muscle fibres cGnstitute 
the whole bf the skeletal muscles. Non-stria ted muscle fibres are characteristie of 
the muscular system of the viscera and vessels. The heart is composed of a striated 
muscular structure of a peculiar kind. Only the ^triat^d, skeletal muscles are 
described in this section. 

{ The skeletal muscles may be divided into two series : aiial and appendicuiar. 
The axial muscles comprise the muscles of the trunk, head, and face, including 
the panniculus camosus (platysma myoides). The^je muscles are more or less 
segmental in arrangement, grouped around the axial skeleton. The appendicular 
xB^LScles, tlie musples of the limbs, are groupfed aroirnd the appendioular-^^^^s^^^^^^^ 
They are not definitely segmental in arraiiigement, are clfearly separate -from thev 
axikl jnuscles, and are arranged in definite strata^in rektion to the ^ to the 
limbs. - - . ■ 
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THE UPPER LIMB. 

FASCIA AND MUSCLES OF THE BACK. 
fascia:. 

The superficial fascia of the back presents no peculiarity. It is usually 
of considerable thickness, and contains a Quantity of fat. » „ 

The deep fascia closely ihvests the n|uscles. It is attached in the middle hue 
to the ligamentuifi nuchse, supraspinous hgaincuts, and vertebral spines ; laterally 
it is attached to the spine of the Scapula and the clavicle, and i§ continued over 
the deltoid rCgign to the arm. In the neck it is attached above to the superior 
curved line of the occipital bone, and is continuous laterally with the deep cerviciil 
*fascia. B^low the level of the arm it is continuous round the border of the 
la;tissilnus dorsi muscle, with the fascia of the axilla and of the abdominal wall. 
In the back and loin it constitutes the vertebral aponeurosis or aponeurosis of the 
'latissimus dorsi* concealing the erector spinas, forming the posterior layer of the 
lumbar ifascia, and attached internally to the vertebral spines, externally to the 
angles <iof the ribs above, to the lumbar fascia in the loin, and to the iliac crest 
below. , • 

The Sui>BBFiciAL Muscles of the Back. 

The posterior muSplos connecting the upper limb to tlnf trunk comprise the 
first ?wo myors of the muscles of the back — ^(1) trapezius and latissimus dorsi, and 
(2) levator anguli scapulae and rhomboidei (major and minor). 

The trapezius (m. trapezius, cucullaris) is a large triangular muscle. It arises 
fropi the superior curved line of the occipital bone in its inner third, from the 
external occipital 'profuberance, from the ligamentum nuchae, from the spines of 
the seventh cervical and all the thoracic vertebrae, and the correspondifig supra- 
spinous ligaments. The origin is by direct fleshy attachment, except in ijiktion to 
the occipital^one, the lowest part of the neck, and the lower thoracic veytebrae, in 
^yhicli plains the origins are tendinous. From their origin the muscular fibres* 
converge towaxds the bones of the shoulder, to be inserted continuously from before 
backwards as follows:— (1) The occipital and upper cervical fibres, into the pos- 
terior surface of the clavicle in its outer tllird ; (2) the lower cervical and upper 
thorawjie fibres, into the inner side of the acromion process, and the upper border 
of the spine of the scapula in its whole length ; and (3) the lodger thopcic fibres, by 
a triangular flat tenijon, beneath which a bursa is placed, into a rough tuberosity 
at the base of the spine of the scapula. The occipital portion of tlie muscle may 
be in*the form of a separate slip, or may be entirely absent. , . 

The trapezius is superfloial in its whole extent. Its upper lateral border forms 
the posterior limit of the posterior triangle of the neck. The loweMateral Border, 
passing over the upper edge of the latissimus dorsi and the vertebral bolder of the 
scapula, forms a boundary of the so-called qf auscultation completed below 

by the latissunus dorsi, and externally by the vertebral border of tbpi seapula. 
space is^^artly filled up by the rhomboideus major. The deep sui^e of*the muscle : 
is in contact with th^ levator aiiguU scapulae^ rhomboidei> latissimus* do^>; aiid 
other deeper muscles. The spinal accessory ne^e, branch^ of the cerviikl 
(0. 3'4), and of the- supepficml cervioaLr and posterior soapnkr arteries,/ ^ 
■mtuatedi^ttriith the/muBcle.^ 

The lat^rimns doiTBi w a large trkngukr mmtelel with a/ M 
arise»^l)r^m rirc wsrtebial apqneti]»risV(posterior jh^yer 
aponeurdffls of the ktissimm dorsi). ; 

erector spifise in the lower the; Thriito& it thh^^k 

attachmeht 'i-tp' ,riie. ^piU6»\6f/*thhj 

lumbar- 

nart of the iliUC erbSti IWni:tlM 
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wards, its fibres converging to the lower angle of the scapala. In relation to its 
superior and external borders, Jidditional fibres arise. (2) Along the outer bofd&r 
muscular slips arise from the lower three or four ribs, interdigitating with the 
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e- 

Fascia over ffliiteiis 
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border of the muscle) . 
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Vxa. '231 . — aupEiiFioiAii Muscles ok the Back. 


origins of the obliquus exterrius abdominis. (3) As the upp^r ot the musefe 

passes horizontally over the lower angle of the scapula, an additional fleshy slip 
usually takes origin from the bone to join the muscle on its deep surface. 

<1, Beyond the lower angle of the scapula tHe latissimus dorsi, greatly nar^roy^^ 
curves spirally' round the teres major muscjpfe, and forms the promin^ence bf^^ t^ 
post%ripr axillary fold. It ends in a ribbon-l^e tendon, closely adherent at first td 
the teres major, which is inseriied int^ the% floor of the bicipitil .^oove^^^^^d^^ 
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liumerusji behind the coraco-brachialis and biceps, and the axillary vessels and 
nerves. It lies in front of the insertion of the teres major, from which it is 
separated by a bursa. 

In the back the latissimus dorsi is superficial, except in its upper part, which is 
concealed by the trapezius. It lies upon the lumbar fasda, ribs, and loV^er angle 
of the scapula, and at its borders ^two triangular spaces are formed ; at the upper 
border is the so-called triangle of auscultation : at the outer border is the triangle 
of Petit, a small space bounded by the j iliac" crest, the ^latissimus dorsi, and the 
obliquus 8xternus^abdominis! This is thb site of an occasional luml)ar hernia. 

The levator anguli scapulae (levator scapulm) is a strap-li|ve muscle, arising 
by tendinous slips' from the post^ior tubercles of the transverse processes of the 
first three or four cervical vertebrae, between the attachments of the scalenus 
_ medius and splenius colli. It is directed downwards along the side of the neck, to 
’ be inserted into the vertebral border of the scapula in its upper fourth, from the 
s3penor angle to the spine. It is concealed in its upper third by the sternomastoid 
. and deep muscles of the neck. In its middle third it occupies the floor of the 
posterior triangle. In its lower third it is again hidden from view by the trapezius. 
It conceals the splenius colli and cervicaUs ascendens muscles. 

Thfe rhomboideus minor may be regarded as a separated slip of the rhom- 
boideus major, with which it is often continuous. •It arises from the ligamentum 
nuchm and the spines of the seventh cervical and first thoracic vertebra*. Passing 
obliquely downwards and outwards, it is inserted into the vertebral border of the 
scapula below the lector anguli scapulm muscle, and opposite to the base of the 
spine. ^ 

The rhomboideus major arises from the spinous processes of the th(;racic 
vertebrae from the second to the fifth inclusive, and from the corresponding supra- 
spinous ligaments, ji^assing downwards and outwards, it is inserted below the 
rhomboideus minor into the vertebral border of the scapula, between the spine and 
the lower angle. The muscle is only inserted directly into the scapultf by means 
of its lower fibres. Its upper part is attached to a membranous band, which, 
connecte(iifQ|r the most part by loose areolar tissue to the vertebral bojder of the 
scapula, is fixed to the bone at its extremities, above near the base of the spine? 
and below at the inferior angle. 

The rhomboid muscles are concealed for the most part by the trapeziift. Tbe 
Jower part of the rhomboideus major is superficial in the triangle of auscultation. 
The muscles cover the serratus posticus superior and the vertebral aponeurosis. 


THE FASCIA AND MUSCLES OF THE PECTOEAL EEGION. 

FASCIA. • 

The fascise and muscles of the chest occupy the space below the lalavicle, bttweehi 
the sternum and the humerus, and form at the same time the antermf bouhdary 
of the axilla. ' ^ 

TEe superficial fascia of the chest usually contains a guantr^a^at. in whicli 
the noaAma is embedded. The pfatysina myoides muscle lies benmh ita upper part; 

The deep fascia .is attached above ' to the clavicle,, aud internttlly^ tb t^^^^ 
sternum. Below it is <x>ntinuous with the fascia of :tW abdominal wall. H gives 
Origin' to the platysma myoides, and invests tHe -pectbralis major. ^ 
border the great pectoral musele^^^E^^^^ and forms^i t^^ 

axilla^ :q)iaee : <aixiila^ fiuciiab continued - ^eteridrl;^ on to the posterior ibid 6 
axBla*;(t^^^: major ii5iiidkti8BimuBdorstt),;ifmd;extOTttai^ 
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passing outwards along the upper border of the pectoralis minor, it reaches the 
coracoid process. The part of the membrane extending directly between the 'first 
costal cartilage and the coracoid process is thickened and forms the «osto-coracoid 
ligament. The costo-coracoid membrane is otherwise thin and of comparatively 
small inlportance. It fe pierced by the cephalic vein, thoracic axis artery, and 
branches of the external anterior thoracic nerve. By its deep surface it is connected 
to the sheath of the axillary vessels. 

At the lower border df the pectoralis minor there is a further extension of the 
deep fascia beneath the pectoralis major.!' It passes downwards to join^^the fascia 
forming the floor of the axilla, and is continued externally into Ihe fascia covering 
the biceps and coraco-brachialis muscles. ' 

MUSCLES OF THE PECTORAL REGION. 

The muscles connecting tlie upper limb to the axial skeleton anteriorfy coiiiprfee 
the pectoralis major, pectoralis minor, subclavius, serratus magnus, and sterno- 
cleido-mastoid (the last described in a later section). r. 

The pectoralis major is a large fan-shaped muscle arising in three parts : — (1) 
a clavicular portion arising from the front of the clavicle in its inner half er two- 
thirds ; (2) a costo-sternal poriion, tlje largest part of the muscle, arising from the 
anterior surface of the pre-sternum and meso-sternum by tendinous, fibres decus- 
sating with those of the opposite muscle : and more deeply from the cartilages o¥ the 
first six ribs ; (3) an^uhdominal portion, a small and separate* slip, arising from the 
ajDoiieurosis of the obliquus ex tern us muscle. The abdominal slip, at firsts sepfirate,* 
soon merges with the costo-sternal portion, but a distinct interval^usually remains 
between the two first-named parts of the muscle. The fibres converge towards the 
upper j)art of the arm, and are inserted into (1) the outer border of the bicipital groove 
of the humerus, extending upwards to the great tuberosity, and blending externally 
with the insertion of the deltoid, internally with the insertion of the latissirnus 
dorsi ; (2) from the upper border of the insertion a membranous band extends 
upwards %o the capsule of the shoulder joint, enveloping at the smng, time the 
•tendon of the biceps ; and (3) from the lower border a band of fascia ^^ses down- 
wards to join the fascia of the arm. 

' The arrangement of the fibres of the muscle at its insertion is peculiar. The 
muscle is twisted on itself, so that ‘the lower {costo-sternal) fibres are directec\ 
upwards and outwards behind the upper {clavicular) part of the muscle ; in conse- 
quence the clavicular ’part is attached to the humerus lower down than the costo- 
sternal portion, and is inserted also into the fascia of the arm. 

Placed superficially in the chest, the pectoralis major, l)y its lower or outer 
border, forms the anterior fold of the axilla. Its upper border is separated from the 
edge of the deltoid muscle by an interval in which lie the cephalic vein and 
humeml .artery;* Its deep surface is in relation with the ribs and intercostal 
muscles, the costo-coracoid membrane and the structures piercing it, the pectoralis 
minor, the axillary vessels, and the nerves of the brachial plexus. 

Steriialis — The stfi’rnalis muscle is present in 4-4 cases out of 100. It is slightly 

more frequeni iii the male than in the female. It has been regarded by different observers as (1) 
a vestige of the panniculus cariiosiis, (2) an homologue of the steruo-mastoid, or (3) a displaced slip of 
tlie pectoralis major. It is placed, when present, parallel to the sternum upon the sterno-costal origin 
of the pectoralis major, and has attachments which arc very variable, above and below, to the 
costal cartilages, sternum, rectus sheath, sterno-mastoid, and pectorals major. Its nerve supply 
is from one or both of tlie anterior thoracic nerves. In certain rare cases it has been paid to be 
innervated by intercostal nerves. ' ; 

jChondro-epitrochlearis, dorso-epitrochleaiis, axillary arches,,. costp-coracoideus.T-'Qne 
or other of the above-named slips is occasionally present, crqssing the floor of the axilla in the ; 
interval between the latissirnus dorsi and the* pectoralis major. They take origin from the costal 
cartilages, ribs, or borders of the iiectoralis major {cJwndro-e'pitrocldearu^ aodllary 
co^ficoideus),, or irom the border of the latifisimus dorhi {dorso^pitroMmTi^, axillary archly 
cor^videiis). Their insertion is variable. The c/wntff o-^^7roc/^!eam tand 
insei^ed into the fascia of the arm on the inner sid^, the internal intermuscidar-septumj or 
internal condyle of the humerus. The axillary arches are, inserted intjo the borflet pf the pePtorafll^ 
major, the fascia of the arm, or the coraco-h]^chia& or hicCps muscle. 
arisii^g from the ribs or the.,jpq3oneuiX)BiS of the obliquus externus, or detaching 
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border ofwthe nectomlis majbr or latissimus dorsi, ia attached to the coracoid pMceaa, alone or 
aloife with one of the niuscles attached to that hone. These variable slips ot muscle are supplied 
hy the Interi^l anterior thoracic nerve, the lesser internal cutaneous nerve, or the intercosto- 
humeral. 

The pectoralis minor is a narrow, flat, triangular muscle. It arises^ from (p 
the third, fourth, and fifth ribs near their anterior ends, and (2) from the fascia 
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border to the costo-coracoid niembraae. It crosses the axillary vesselsi ond the 
cords of the brachial plexus, and is pierced by branches of the anterior thoracic 
nerves. * 

Either in part (w wholly the pectomlis minor may pass over the coracoid j)rocess of the 
scapula, separated from it liy abui'sa, to inserted into the coraco-aciomial ligament, or the 
acromion pi'ocess ; or piercing the coraco-acromial ligament, it may be attached to the ciipsule of 
the shoulder joint (coraco-humeral ligament). * 

Pectondis minimus. — Tips is a slender slip, rai*ely pi'csent, which extends between the first 
costal cartilage and the c»'racoid i)roces,s. i 

f * * 

The subclstvius muscle arises from the upper surface of the first costal 
cartilage in front 'of the costo-clavicular ligament. It is inserted* into a groove in 
the middle third of the under surface of the clavicle. The muscle^ is* invested by 
the fascia which forms the costo-coracoid membrane, and is concealed by the 
clavicle and the clavicular origin of the pectoralis major. 

The sterno-clavicularis is a small separate slip, rarely present, extending beneatli tlie , 
pectoralis major from the upper part of the sternum to the clavicle. 

The serratus magnus (m. serratus anterior) is a large curved quadi’ilateral 
muscle occupying the side of the chest and inner wall of the axilla. It arises by 

fleshy slips from the external aspect of the 
upper eight ribs. The first slip is a double 
one, arising from the first two ribs and 
the fascia covering the intervening space. 
The insertion of the ^nuscle is tt>reefold. , 

(1) The first portion of the muscle (from 
the first and second ribs) is directed back- 
wards to be inserted into the ventral 
aspect of the upper angle of the scapuk. 

(2) The next three slips of the musele 
(from the second, third, and fourth ribs) 
are inserted into the vertebral border of 
the scapula. (3) The last foujwKps (from 
the fifth, sixth, seventh, and eighth ribs) ' 
are directed obliquely upwards and back- 
wards, to be inserted on the ventral aspect 
of the lower angle of the scapula. The* 
external surface of the muscle is partly 
superficial below the axilla, on the side 
wall of the chest, where its slips of origin 
are seen inter-digitating with those of the 
obliquus exteruus^ abdominis. Higher up 
it forms the inner wall of the axilla, and 
is in contact with the pectoral muscles in 
front and the subscapularis beliind. Its 
upper border appears in the floor of the 

Fig. 23'd.—Tai‘r6meATvs MAGNU6 musclb. posterior triangle, and over it the axillary 
^ artery and the cords of the hrachial ‘plexus 

pass to reach' the armpit. The lower border is oblique, and is in contact'with the 
ktissimus dorai muscle. The deep surface of the muscle is in contact witK the 
chest wall, so that the serratus magnus along witli the, subscapularis muscleV 
separates the scapula 'from the ribs. The muscle may extend higher thafi^ usual, 
so as to be continuous with the levator auguli scapulse. 
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downwards. The latissimus dorsi acting alone, besides rotating the limb, draws it inwards and 
backwards, as in the act of swimming. * 


FASCIAE AND MUSCLES OF THE SHOULDER. 

• r. 

The deep fascia covering the scapular muscles presents no feature of special 
importance. Attached to the clavicle, acromion,* and scapular spine, it is thin over 
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the deltoid muscle, ^^elow the 
deltoid it is 'thicker ; it gives 
origin to the infraspinatus 
muscle, and i^ continuous with 
the fascifc of the axilla and the 
back, t ^ 

The muscles proper to the 
shoulder comprise the deltoid, 
supraspinat^^^ iptrasp^na- 
tus, teres minor ,nfeies major, and flexor 
subscapulaiv's. They surround, 
and along with other muscles, 

act ou the shoulder joint. P«iq, 234 . — Deltoid igEoioN and Back op the Arm. 

The deltoid, a coarsely fas- * 

cic plated, multipennate muscle, has an extensive origin from (1) the Tront of 
thd clavicle in its outer third; (2) the outer border of tjhe acromion process; 
and (3) the lower border of the spine of the scitpula. Its origin embraces 
the insertion of the trapezius. The fibres of the muscle converge to the outer ' 
side of the shaft of the humerus, to be inserted ipto a we^-marked' Y^shap^ 
inipression above the spiral groove. The insertion is partly united with the 
tendi^n of the pectoralis major, ^he deltoid is superficial in its whole extedt,;, 
and for&is the prominence of the shoulder. Its anterior border isi separated fyomr 
the pectoralis major by a narrow inter ved, in Which the cephalic yeid ah^ hunieral; 
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artery ar« placed. The deep surface of the muscle is separated by a bursa from 
the capsule of the shoulder joint. It is in contact with the coracoid process, the 
ooraco-acroftiial ligament, and the attachments of the pectoralis minor and the 
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coraco-brachialis and short head of 
the biceps : with the ‘capsule of 
the shoulder joint : wifh the heetd 
of the humerus, the long head of the 
biceps and the attachments of the 
subscapularis, supraspinatus, infra- 
spinatus, and teres minor: and 
t?ith the Tij^er part of the shaft of 
the humerus and *the circumflex 
vessels and nerve. The most an- 
terior part of the ifluscle is formed 
of parallel fibres, not uncommonly 
separate from theiji'est of. the muscle 
at their origin from the clavicle. 
These fibres may be continuous 
with Jhe trapeziugjjjpr the clavicle. 
The most posfiBKor 'j^rt arises by 
a fascial origiu from tthe spine of 
the scapula and the fascia over the 
intra^inatUs musclu i These po^ 
tious are attaclied respeotiyelyi^t^^^^^^^ 
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facet on the great tuberosity of the humerus, and into the capsule of thcw shoulder 
joint. ' 

The muscle is entirely concealed from view by the trapezius, tke acromion 
process, and the deltoid muscle. It covers the neck of the scapula, the supra- 
scapular vessels and nerves, and the upper surface of the capsule of the shoulder 
Joint. ^ 

The infiraspinatus arises from the infraspinous fossa of the scapula (excepting a 
flat surface along the ^axillary border) and^from the thick fascia over it. The fibres 
of the muscle converge to the neck of thf humerus, Sbparated from it by a bursa, ' 
and are inserted by tendon into the middle facet On the great tdberosity, and into 
the capsule of thd shoulder joint. f ' 

The lower part of the muscle is superficial. The upper part .is ‘hidden from 
view by the deltoid. Along its lower border is the teres minor. Near its 
insertion it crosses the neck of the scapula and the back of the capsyle of the 
shoulder joint. , * * 

The teres minor is a small muscle, arising from the upper two-thirds of the 
flat surface on the dorsal aspect of the axillary border of the scapula. Lying 
alongside the outer border of the infraspinatus, it is inserted under cover of the 
deltoid into the lowest of the three facets on the' great tuberosity of the humerus, 
and into the capsule of the shoulder Joint. It is separated from the teres major 
by the scapular head of the triceps, and by the posterior circumflex vessels and 
circumflex nerve. Its origin is luerced by the dorsal scapular artery. The muscle 
is invested by the deep fascia enclosing the infraspinatus, imd is sometimes in- 
separable from that muscle. * 

The teres major is much larger than the preceding muscle. It arises from 
the lower third of the flat surface on the dorsum of the scapula along its axillary 
border, except for a small area at the lower angle. The muscle is directed aloflg 
the axillary border of the scapula to the front of the shaft of the humerus, where 
it is insert^ into the inner border of the bicipital groove. It is closely adherent 
just before its insertion to the tendon of the latissimus dorsi muscle. 

The teves major is in close relation with the latissimus dorsi mu^.e, which 
epneeals iy origin posteriorly, winds round its outer border, and partisfll^ separates 
its anterior surface from the axillary vessels and nerves. The inner or upper 
border of the muscle is separated from the subscapularis and teres minor muscles 
by a quadrilateral interv'al containing the posterior circumflex vessels and the < 
circumflex nerve, and by a triangular interval containing the dorsal scapular artery. 
The long head of the triceps passes behind the teres major, and forms the boundary 
between these l\vo spaces. 

The subscapularis is a large triangular muscle occupying the venter of the 
scapula. It ar&es from the whole of the subscapular fossa, except at. the angles of the 
bone. Springing from several ridges in the fossa are septa* projecting into the sub- 
stance at the muscle, which increase the extent of its attachment. Converging to 
the head o*f« the fiumerus, the muscular fibres are inserted by tendon into the lesser 
tuberosity and into the capsule of the shoulder joint, under cover of the coraco- 
brachiaUe and short heM of j;he biceps. This muscle forms the greater part of the 
posterior wall*^*lSK) axilla. Its inner or anterior surface is in contact with the 
serratus xnagnus and the axillary vessels and nerves. Its deep surface is leparated 
from thd neck of the scapula by a bursa. Its upper border passes beneath the 
coracoid process ; its outer border is separated from the teres major by the circum- 
flex vessels and nerve,*the triceps muscle, and the dorsal scap'ular artery. 

■ . fs ' 

TJie subscapularis minor is an occasional muscle situated below the capsule of the shoulder 
joint.’ It arises from the axillary border of the scapula beneath the subscapularis, and is inserted 
into the capsule of the joint or tlie upjDcr part of the shaft of the Imrnerus. 

^ Nerve Supply? r 

TK[e muscles of this group are all supplied by the fifth and sixth cervi(»il nerves, thi^ug^ the 
poster! i^r cords of the Iwacbial plexua / ^ ^ 





Muscles. 
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• ActlONS. 

Tlie principal aation of this groujj of muscles is on tlie shoulder joint. They have alst 
secondary acticgis in relation to movements of the trunk and limbs. 

* 

1. Movements at the Shoulder Joint. 




> « 

a. Abduction. 

Adduction. 

b. Flexion (Forwards). 

Extension (Backwards). 
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• e 
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1 c. Rotation Outwards. 

Rotation Inwards. 

DeltoidT (iiosterior fibres) 
IhfmBpinatus 

Teres minor 

Deltoid (ankuior fibres) 

Teres major 

Pectoralis major 

Latissimus dorsi 

d, Oircumduction—combination of previous muscles. 


The various movements at thie shoulder joint lye greatly aided by the muscles acting on the 
* shoulder girdle. In raising the arm above the head, for instance, the humerus is brought to the 
horizontal position by the deltoid and supraspinatus, and; the movement is continued by the 
elevators of the shoulder girdle. Again, in forward and •backward nfovements at the sboiilder 
joint, great assistance is derived from muscles acting directly on the shoulder •gii-dle — pectoralis 
minor and serratus majuus ; trapezius and rhomboidei. 

% In relation to the trunk and limbs, the shoulder muscles, Ijy fixing the humerus, have 
auxiliary power on 4he one hand in movements of the trunk, such as forjgjd inspiration ; oUr the 
other hand, acting along with muscles fixing the elbow joint, they stiffen the limb so as to 
permit of the more refined movements of the wrist and fingers. 


FASOIiE AND MUSCLES OF THE ARM. 
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The intermtisoular septa are processes of the deep fftscia attached to the 
supracondyloid or epicondylic ridges of the humjirus. The internal andrstronger 

septum is placed betwSbn 
Insertion OK bracliialis ftanticus in 

front and the inner head 
of the triceps behind, and 
^ "gives origin to both. It 
extends upwards to the 
Sneous ner\ 3 insertion of the coraco- 
J: .^_Modiannorvo ** bracWalis (which* is often 
GontinuoiVs with it). The 
external septum is thinner 
and of lees 'extent. It 
separates the brachialis 
anticus and brachjo-radialis 
in front from the fnndt 
and outer heads of the 
triceps behind, and gives 
origin to these muscles. 
It extends upwards to the 
insertion of the deltoid, 
and is pierced by the 
musculo-spiral nerve and 
superi(sr profunda arterjr. 

MUSCLES. 

Th^ coraco-brachiali/S 

is a rudimentary muscle 
placed on the front and 
inner aspect of the arm. 
It arises in c(}(p;^>on v^ith 
the short head of the biceps 
from the tip of the coracoid 
process of the scapula, and 
is commonly connected at 
its origin with the insertion 
of the pectoraUs minor. The 
muscle, is partially sub- 
divided into two parts by 
the mu80ulo-cutane*6us 
nerve, and ends in a tendon 
inserted into a faint linear 
impression -about an inch 
in length on the middle of 
the inner border of the 
humerus. 

The muscle lidb on the 
inner side of the biceps, 
r and \s concealed at first by 
the deltoid and p^ctoralis 
major. " In the lower part 
of it8» extent it is super- 
' ficial, .and forms a swelling 
beneath the skin on the 
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inner, side of the arm which serves as a' guide to ‘the axiUaiy and ebraehial arteries. 

The coraco-brachialis is the remaiu6'of a mwseZe, pf whiph only two 

usual 1/ pnegent in man, hiit of which in anomalous cases all the parts may be more 
developed. The passage of the luusculo-cutanequs nerve through the muscle is 
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■ "Teuw majou 
— Latiskimds 

DOUMI 


Its natural separation in to,two parts, which represent the persistent middle and inferior elements. 
The commonest variety is one m which the more superficial (inferior) jiart of the muscle extends 
furth^ down the arm than usual, so as to be in- 
serted into the internal interniiiscular septum, 
or even intc^ the internal condyle of the 
humerus. A tliird slip (coraco-bracMalis 
superior or brevis, rotator humeri) may more 
rarely be present, forming a short muscle aris- 
ing from the root of the coracoid proc^, and 
inserted into the inner side of the humerus 
just below the capsule of the shoulder joint. 

# * 

The biceps (ni biceps brachii) is the 
large superficial muscle which Hbs on 
the front of •tli^ upper arm. It arises 
by two heads. (1) The short head (caput 
breve) is attached in common with the 
cBraco-brachialis to the tip of the cora- 
^ coid process of the scapula. This head 
forms a separate fleshy belly, which is 
united to the long head by an invest- 
ment ®f the deep fascia. (2) The long 
head (caput longum) arises by a round 
tendon from the supra-glenoid impres- 
sion at the root of the coracoid process 
and from the glenoid ligament on either 
side? Its tendon traverses the cavity of 
the shoulder joint, and emerging from 
the capsule (invested by a prolongation 
of^ the synovial membrane), it occupies 
the bicipital groove* of the humerus, 
covered by a fascial prolongation of the 
tendon of the pectoralis major. In the 
upper arjj 4 ,it forms a fleshy belly united 
^ to fliat derived from the short head by 
an envelope of deep fascia. 

The insertion of the muscle is like- 
• wise twofold. (1) The two bellies be- 
come connected with a strong tendon, 
attached deeply in the hollow of the 
elbow to the rough nosterior portion of 
the bicipital tubercle of the radius. A 
burSa sepjvrates the tendon from the 
anterior portion of the* tubercle. (2) 

From the inner and anterior part of 
the tendon, and partly in continuity 
with the fleshy fibres of the muscle, a 
immlyranous hand (the semi l unar 
or bicipital &^ia): extends downwards 
and inwairds over the hpllow of the elbow 
to join; fascia covering t^^ 

origmpiof the flexor 
of thp ibrearJA.^ ^ ; 
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the 
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The biceps is an extremely variable muscle* Its cliief anomalies lare clue to an increase or 
diinimition in the number of origina A third head of origin is common (10 per,, cent), and 
usually arises from the humerus, between the insertions of the deltoid and coraco-brachialis. 
Two or even three additional heads may be present at the same time. The long head of the 
muscle may be absent, or may take origin from the bicipital groove. Tlie muscle may have an 
additional insertion into the internal condyle of the liiimcrus, or into the fascia of the forearm. 

r n 

The brachialis anticus (m. brachialis) is ,a large muscle arising from the 
lower two-thirds of the front of the humerus, and from the intermuscular septum 
on each side. Extending# from the insertion of the deltoid above, it ends below in 
a strong tendon inserted into the rough inferior surface of the coronoid ^process of 
the ulna. The outer part of the musefc arising from the e^ilteriial epicondylic 
ridge and extermll intermuscular septum forms a* slip more or less separate, which 
may be partially fused with the brachio-radialis muscle. ^ ' 

The brachialis anticus is almost wholly concealed from view by the biceps in 
front, the brachio-radialis externally, and the brachial vessels internally. ,, It covers 
the elbow joint, and forms part of the floor of the hollow of the elbow. * •' 

The triceps (m. triceps brachii) is the only muscle on the back of the arm. 
It arises by three heads, an outer and an inner head, from the Jtiumerus, and a 
middle or long head from the scapula. (1) The middle, long or scapular head (caput 
longum) begins as a strong tendon attached to the axillary border of the scapula 
just below the glenoid fossa. This gives rise to a fleshy belly wliich occupies the 
middle of the back of the arm. (2) The outer head (caput laterale) is attached 
to the outer border of the humerus from the insertion of the teres minor to' the 
musculo-spiral groovej and to the back of the external interniiusciilar septum. Its 
fibres are directed downwards and inwards over the musculo-spiral groove' and 
the inner head of the muscle to the tendon of insertion. (3) The inner head (caput 
rnediale) arises by fleshy fibres irom a triangular area on the back of the humerus, 
extending upwards to the insertion of the teres major and downwards to the 
margin of the olecranon fossa. It also arises on each side ffom tlie intermuscular 
septa. , 

The three heads of origin are inserted by a common tendon, broad and mem- 
branous, into the upper end of the olecranon process, and into the deef) fascia of 
the forearih on either side of it. The long and outer heads join the b(ffclcrs of' the^ 
tendon of insertion, aiid the inner head is attached to its deep surface. 

‘ The tlong head of the triceps is concealed at first by the teres major and minor, 
and by the deltoid muscle. Along with the outer head it conceals the musculo-, 
spiral nerve and superior profunda artery, and covers the inner head of the muscle. 
The inner is the deep hfead, and is only visible at the lateral borders of the muscle. 

t 

The sub-anconeus is a small muscle occasionally present, which coiisists of scattered fibres 
arising from the, lower end of the hiunerns beneath the trice])s, and inserted into the pos|ierior 
ligament of the elbow joint. 

, Nerve Supply. 

The following nerves snpidy the muscles of the arm : — 


JfL 


Muscles. ‘ 

Nerves. 

Origin. 

Coraco-brachialis \ 

Biceps t . 

Brachialis anticus J 



rc. 7. 

Musculo-ciitancous 

1 

C. 6. 6. 
iC. 6. 6. 

Brachialis anticus 'j 



rc. (6) . 6. 
C. '-(6) 7. 
ic., 7. . 8. 

Triceps [ 

Outer head j 

Musculo-spiral 

] 

Middle and inner heads J 

t 



Actions. ^ r 

(1) The chief abtioliof these muscles is*/ori the elbon^ joint, producing along with other mUsefe 
flexioma^d extension. The flexor muscles are. much *more powerful thaii the exteiisora 



:A^d HANt). sai 


7able of Muscles acting on the Elbow Joint. 


Flexors. 

•» 

Extensors. 

Biceps 

Bracnialis anticus 

Triceps 

Anconeus ** . * 

Extensors of wrist and fingers (in supination) 

Bracbio-radialis ii 

Pronator radii teres 

Flexors of wrist and fingers 


Extensors' of wrist (in prgnation) 

i# 

« •* 


(2) Subordinate>and accessory mwements are performed by all the aiusoles of tlus^ group 
except the braiphialis anticus. The biceps supinates the forearm, flexes the elbow, aiiu witJi tlie 
aid of the coraco^brachialis adducts and flexes the liumerus at the shoulder joint. The triceps 
through its scapular head adducts and extends the liunierus, besides extending the elbow joint. 

■% 

FASCI.® AND MUSCLES OF THE FOEEARM AND HAND. 


OoUateml digital branclio.s 
of the iiiodiaii nerve 


Collateral digital 
braiiclies of the 
ulnarmerve. 


^ ^ FASCM5. 

The superficial fascia in the forearm presents no exceptional features. On 
the dorsum of the hand it is loose and thin; iif the palm it is generally well 
fui^nished with fat, forming pads for the protection of the vessels and nerves. It is 
closely adherent to the palmar fascia, and to the skin, especially along the lines of 
flejyire. * . 

Th^ palmaris brevis is a quadrilateral subcutaneous rnuscle occupying tlie 
inner side of the hand under the superficial fascia. It arises from the inner border 
of the thick central portion of the palmar fascia, and is inserted into the skin of the 
iu'n^r border of the ^and for a varia,ble distance. It covers the ulnar artery and 
nerve, branches of which supply it. Its action is to wrinkle the skin of the inner 
border of the 
hand, and by 
raising the 
skin and "super- 
ficial fascia, to 
deepen the hol- 
low of the hand. 

The deep 
faecia of the 
forearinandhand 
is continuous 
abef^e with the 
deep fasKsia of the 
arm. At the 
upper part of the 
forearm it U 
strengthened hy 
additibiial ftbr^ 
around 

bow ; in fedht fejj 
fibres 

semilufLar faaeis 
of the bleeps 
behihd^ • ^ 
fasoial ifiserfipnt 
. of '- t^ 

o vt ^ V i 


FIRHT DORSAl. INTER- 
OBSJSOUB MUBCLK* 

Adduotou trams- 

'• VERSUS rOLTJOIS' 

Digital braiiohes^ 
(median nerve) 
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attachment to the flexor and extensor carpi ulnaris and the flexor profundus 
digitorum. Above the wrist the fiiscia is pierced anteriorly by . the tend(;»n of the 
palmaris longns and by the ulnar artery and nerve. At the wrist it gains attafeh- 
inent to the bones of the forearm and carpus, is greatly strengthened by addition 
of transverse fibres, and constitutes the annular ligaments. 

The anterior annular ligament of the wrist is a band about an inch and a 
half in depth, continuous above and below with t]\e deep fascia of the forearm and 
hand. It is attached to the scaphoid and trapezium externally ; to the pisiform 
and unciform bones internally ; and it forpis a membranous arch binding down in 
the hollow of the carpus the flexor tendo^ns of the wfist, and the median nerve. 
It is divided into ttao comfarlments, the larger accommodating the tendons of the 


Flexor profunduh 

Olori'ORUM 


Flexor httui.imih 

DKJITOUIIM 


LltMURIOAT-ES 
Flexor profunouh 

DIGITORUM TENDONH 

Flexor? riunLiMiHi^eTZ" 

DIGITORUM TENDONH 
OrPON^NS MINIMI - 
DIGITI 

Plexor bi^evis minimi dsoiti 


t\UDULTOK MINIMI DIGIT! 

Origin of ]>alinar fascia (cut) 
interior anil ular ligninayt 1 

Palmaris iadnous- 
Flexor carpi ulnaris- 

I 

Flexor bublimir diAitor'jm — 


Ligaincnta vaginalia 



Fjg. 239. — Thk Muscles and Tendons in 


Tendon flexor 

T.ONnU8 POLLICIH * 

^:t;^^’ADDUCrOB TBANSVERBUS 
POIiLICIB 

— Adductor obliquus pollicib 
Flexor brkvih pirtXlciH ' 

AliDUCTOR rOLLlClS 
OpI'ONKNB POLLICIB 

Extensor osbib mktacarpt pollicib 

t- 

■Flexor carpi radialib 

I 

Posterior ajinular ligament 


THE Palm of the Hand. 


flexors of the di^i^vind the median nerve, the smaller (placed externally) contain- 
ing the teadpri of the flexor carpi radialis. There are three synovial meTiikranes lu 
these coihpartments : one for the flexor carpi radialis tendon, the other two, which 
may communicate together, enveloping the tendons of the flexor longns pollicis and 
the flexor tendons of tl)Le fingers respectively. The surface of the ligament, is crossed 
by Ijhe palmar branches of the median and ulnar nerves; by the tendon ''of the 
palmaris longus muscle, which is attached to its surface; and^by the ulnar artery 
and nerve, which are again bridged over and protected cby a band of fibrous tiissue 
passing from the pisiform bone and the superficial fascia to the surface of the 
ligament. To the lower border of the Jigatnenb are attached tlm palmar fai^ia in ; 
the Sentre, and the superficial muscles of the tbumb and the rauscles of the 
finger ^n each side. * , ■ \ =. 

The posterior annular ligament of the.^„ wrist is placed at /a bigjbar^.fe 
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than the previous Ugamenlj. It consists of an oblique band of fibres about an 
inch br(]|p.d, attached externally to the outer side of the lower end of the radius, 
arid internally to the lower end* of the ulna, the carpus, and the internal lateral 
ligament of the wrist. It is covered by veins, by the radial nerve, and by the 
dorsal branch of the ulnar nerve. Six compartments are formed beneath it by the 
attachment of septal bands to the radius and ulna. Each compartment ib provided 
with a synovial membrane, and Irfiey serve to transmit the extensor tendons of the 
wrist and fingers in the following order from without inwards : — 

1. Extensor ossis metaoarpi pollicis ^nd extensor breVis gpllicis. 

2. EKtensores carpi radfales, longior^and brevior. 

3. Extensor Ibngus pollicis. 

4. Extensor communis digitohim and extensor indicis. 

6. Extertso^^ minimi digiti. 

6. Extensor carpi ulnaris. 

The ^hin deep fascia of the dorsum of the hand is lost over the expansions of 
the •extensor tendons on the fingers. Beween the metacarpal bones a strong 
layer of fascia covers and gives attachment to the iiiterossei muscles. 

The palm^ fascia is of considerable importance. In the centre of the palm 
it forms a thick triangular membrane, the apex of whicli joins the lower edge of 
the anterior annular ligament, and receives the insertion of the tendon of the 
palmaris longus muscle. The fascia separa^ps belbw into four sUps^ one for each 
finger, connected together by transverse fibres, forming beneath the webs of the 
fingers the superficial transverse metacarpal ligament. Beyond this each slip 
separates into two parts, to be connected to the sides of thfe metacarpo-phalangeal 
joints dSbd the first phalanx of the inner four digits. In the cleft between the two 
halves of each slip the digital sheath is attached and extends downwards on to the 
finger. The lateral borders of this triangular central portion of the palmar fascda 
are continuous with thin layers of deep fascia, which cover and envelop the muscles 
0 ^ the thenar and fiypothenar eminences. The inner border gives origin to the 
palmaris brevis muscle, ♦ 

The digital sheaths are tubular envelopes extending along the anterior aspect 
of the and enclosing the flexor tendons. Each consists of a,* continuous 

fibrous sheSlh attached to the lateral borders of the phalanges and interphalangeal 
joints, and continuous above with the palmar fascia. Opposite each interphalangeal 
articulation the digital sheath is loose and thin ; opposite the first two {phalanges 
(the first only in the case of the thumb)* it becomes extremely thick, and gives 
rise to tfie ligainentum vaginale, which serves to keep the^ tendons closely applied 
to the bones during flexion of the fingers. Within each digital sheath are the flexor 
tendons, enveloped in a synovial membrane which not only envelops the tendon 
but also lines the interior of the sheath. The synovial membranes of the digital 
sheaths extend a short distance upwards in the palm, and jn some cases cotiiT- 
munioate with the large synovial membranes lining the flexor tendons beneath 
the annular ligament. There may be a separate distinct synovial memlftane for 
each digit ; but most commonly only the sheaths for the three middle digits have 
separate sy^iiovial membranes ; those for the flexor longjjs pollicis and for the: 
flexor tendons of the little finger communicate usimilly with^thfePyhovial mem* 
brane» plaeed beneath the anterior annular ligament. 


the; femt 
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pronator radii teres, flexor carpi radialis, palmaris longus, flexor carpi uluaris, ^nd 
flexor sublimis dig] tor uin. , ' ^ 

The pronator radii teres (m. pronator teres) is the most external and 
shortest muscle of this group. It has a double origin : (1) a superficial* head, the 

main origin, from the common 
tendon from the internal con- 
dyle of the' humerus, from the 
fascia over it, and from an 
intermuscular septum between 
it and the flexor cai^i radi- 
alis (2) a deep head, a slender 
slip from the Inner side of the 
coronoid process of the ulna, 
which joins the superficial 
origin of the muscle on its 
deep surface. The median 
nerve separates the two heads 
from one another. The mus- 
cle is directed downwards and 
outwards to be inserted* into 
an oval impression on the 
middle of the outer surface, of 
the radius. 

The mui^ole forms the inner 
boundary of the hollow of the 
elbow. It is superficially 
placed, except near its in- 
sertion, wlj^ere it is covered by 
the brachid-radialis muscle and 
by the radial vessels and nerve. 
The flexor carpi radialis is on 
its inner side. 'JJho' muscle 
conceals the ulnar and radial origins of the flexor sublimis digitorum, and the 
median nerve and ulnar artery, which are separated from one another by the deep 
head of ofigin. 

The flexor carpi radialis muscle'’ has a single origin from the common 
tendon from the internjil condyle, from the fascia over it, and from the inter- 
muscular septa ^on either side. Its fleshy belly gives place to a strong round 
tendon in the lower half of the forearm, which, at the wrist, ei^ters the hand in a 
special compartment beneath the anterior annular ligament, and after occupying 
the groove on tile tr^ipezium, is inserted into the upper ends of the second dud 
third metacarpal bones on their anterior surfaces. 

The flexor carpi radialis is superficial except near its insertion. Its fleshy 
belly in the upper half of the arm lies between the pronator radii teres and the 
palmaris longus, and cqnccals the flexor sublimis digitorum. Its tendon in the 
lower half of th^s^jrm can be felt beneath the skin, oh the outer side of the palmaris 
longus tendon. It'S an important guide to the radial vessels which are plafied in 
the hollo'v/ external to it. After passing beneath the anterior annular ligalhent the 
tendon is concealed by the origins of the short muscles of the thumb. Besides the 
synovial bursa enveloping the tendon beneath the an^nular^ligament, another is 
found beneath the tendons of insertion into the metacarpus. ^ 

[The palmaris longus arises also by a single head of origin from the common 
flexor tendon from the internal condyle, from the fascia over it, and from inter-^ 
muscular septa on either side. It forms a short fusiforiii muscle, which ends in the. 
middle of the forearm in a long flat tenion. This pierces the deep fa^ia above 
the jvrist, and passing over the anterior annular ligamont, is incited (1) 
surface of the anterior annular ligam^ent, and intofethe apex^* of the thick: cent^^ 
portion pf the palmar fascia. 

The palmaris longtis is the smallest mjiscle pf the forearih. It is?pkced^ to 



Ficl 240. -‘Section across 'I’hk Forearm in the Middle 
Third. 


A, Pronator radii teres (insw^ioii); B, Flexor oarpi radialis; C, 
Flexor .suhlimis dioitorum ; 1), Palmaris lonoum ; E, Flexor carpi 
ULNAUis ; F, Flexor profunocs digitorum ; O, Extensor cari'J 
ui.NARis; n, Extensor longus pollicis; I, Extensor ckimmunis 
digitorum; .1, Extensor oksis meta carpi pollkjih ; K, Extensor 
CARPI radialis brevior; L, Extensor carpi radialis lonoior; M, 
Brachio-radiaijs. a, Radius; Zi, liitorosscoiis monibratio; c . Ulna. 
1, Radial nerve; 2, Radial Artery; 8, Anterior interosseous artery; 
4, Anterior interosseous nerve (underneath llexor lon|j;ns poUicis) ; 
D, Median nerve ; 6, Ulnar artery ; 7, Ulnar nerve ; 8, I»ostorior inter- 
osseous arte,ry ; 9, Posterior inti?rossoous nerve. 
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Biceps 


Musculo-spiml 
iiervc 

Braohio- 
RADIALIS 

Extensor 

OAllPl RADIALIS 
LONQIOK 

Posterior interossernis 
nerve 

Supinator radit- 

RR^VIS 

Radial nerve' 


Seiniluimr fuKciu 
(rclleeted) 


OUIUINS OP 

HU PISUPI Cl A Ij M US0L1«>} 


the fle^jor carpi radialis and the flexor carpi ulnaris, and covers' the flexor sublimis 
digitorum. In the lower third * 
of the fojearm its tendon is 
placed directly over the median 
nerve, along the outer border 
of the tendons of the flexor 
sublimis digitorum. 

Tlie mlmaris longiis is the ^nost 
variable muscle in^tlie body, and is 
often absent (10 jier cent). 

« 

The flexof carpi ulnaris 

muscle has a double origin, from 
tho himierus and from the 
•ulna. (1) It arises from the 
common tendon attached to 
the condyle jf the humerus, 
the fascia over it, and an interr 
muscular Septum externally. 

(2) By means of the deep 
fascia of the forearm it obtains 
afi attachment to the olecranon 
process and the»posterior 
bdtdeiwf the ulna in its upper 
three-fifths. The fleshy fibres 
join a tendon which lies on the 
anterior border of the muscle 
Und is inserted intb the pisi- 
form bone. 

The muscle is superficially 
placed ^ong the inner border 
of the loffcarm. It Ues in- 
ternal to the palmaris longus 
and flexor sublimis digitorum, 
and conceals the flexor pro- 
fundus digitorum. The ulnar 
nerve (which enters the fore- 
arm between the two heads of Miiaenlar tr ane li 
origin of the muscle) is con- 
cealed by it in its whole length. 

The ulnar artery lies* under 
cover of the muscle in its lower 
two -thirds. The tendon of 
the mu^lo Serves as a guide 
to the artery in the lower half 
of tha forearm; . 

The 4exor sublimis digir 
tQruxu occupies a deeper plane 
thinihe four ^ireviouB musclea 
It has A threefold' , 

the hitoerus, ra^us, apdipJbA. 

(iyMe ebief or pngiii 

is from'Ihe iuternal ccinflyfo 

tenddui 
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UADiALia (tendon)' 
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Ulnar arteflr 
Division of ulnar iiervq 
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I<igtiineiituni, 

broYH 

Lij'aMientuin 

loiiguiii 


(3) The radial origin is from the oblique line and middle third of, the oute?* border 
of tlie radius by a thin fibro-musoular attachment. ' ' 

The muscle separates in the lower third of the forearm into four ^arts, each 
provided with a separate tendon which passes beneath the anterior annular liga- 
ment, crosses the palm of the hand, and enters the corresponding digital sheath. 
Within the digital sheath each tendon is split into two parts by the tendon of the 
flexor profundus digitdrum ; after surrounding that tendon the two parts are 
I)artially reunited on its deep surface, and, are inserted, after partial decussation, 
in two portions into the sides of the second phalanx. ‘ ^ 

The vincula accessoria form additional insertions of the muscie. They consist 
of the ligamenta l6nga and brevia. The ligamenftim breve is a triangular band of 
fibres occupying the interval between the tendon and the digit for a^^slfort distance 
close to the insertion. It is attached to the front of the inter-phalangeal articu- 
lation and the head of the first fflialanx. 
The ligamentum longum is a lon^ 
narrow band extending from the back 
of the tendon to the upp^r part of the 
anterior surface of the first phalanx. 

The flexor sublimis digitoruin muscle 
is partially concealed in the forearm by 
tlie other more superficial muscles of 
this group, and by the radial vessels 
and nerve. It conceals the deeper 
muscles of the forearm, the inedian 
nerve, and the ulnar artery. Its inner 
border is in contact with the flexor 
carpi ulnaris, and in the lower half 0 / 
the forearm with tfie ulnar vessels and 
nerve. The median nerve emerges at 
its outer border above the wrist, and 
separates the muscle from thf^ tendon 
of the flexor carpi radialiST At fhe 
wrist the four tendons are arranged in 
pairs, those for the middle and ring 
fingers in front, those for the fore and 
little fingers behind, and are enveloped 
in a synovial sheath along with the 
tendons of the flexor profundus digi- 
toritm beneath the anterior annular 
ligament. In the i^alin the tendons separate, and lying beneath the superfieial 
palmar, arch, conceal the tendons of the deep flexor and ‘the lumbrical muscles. 
Within the. digital sheaths on the fingers the tendons at first conceal those of the 
deep flexor after being pierced by them, they are in turn concealed by these 
tendons at their insertion. 

. t 

'■ Deep Muscles. ^ 

The d6ep. muscles on the front of the forearm are three in number : flexor 
profundua digitorum, flexor longus pollicis, and pronator (juadratus. 

The flexor profundus digitorum is a large muscle^ arising from the ulna, the 
interosseous meinbrane> and the deep fascia of the forearm*. Its ulnar origin is 
fi'opi the anterior and inner surfaces of the bone, extending up'SO as to indifde thb 
inner side of the olecranon process, and embrace the insertion of the braebiulis 
anticus into the coronoid process. It arises external to the ulna from the inner; 
half of the interosseous membrane in' its middle thiM, and internally -from 
the deep fascia of the forearm behind the origin of the flexor cargi ulnaiis. ^ - 
The musclefforms a broad thic^ tendon, which. ^passes 'beneath tfle anther:, 
annular ligament, and divides in the palm in^p four tendons for ihsertiou into the 
terminal phalanges of the fingers. The tend% associated; ^rith ' the 
usually separate from the, yest of the tendofas in- its whole length, 
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IiitcrualPiniennuscular Keptiiii 


Common origin ok pronator ano. 
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a digitaV sheath beneath the tendon of the flexor subliniis digitornm, which it 
pi^es opposite the flrst phalanx, and is finally inserted into the base of the 

terminal ^alanx. Like 

the tendons of the flexor 
sublimis, those of the deep 
flexor are provided, with 
vincula accessoria, viz. 
ligamenta brevia attached 
to the •capsule of the 
second interplfelangeal 
articulation, and liga- 
meuta longa,' w.hich are in 
this case connected to the 
tendons ^f the subjacent 
flexdr sublimis digitorum. 

Lumbrioales. — Four 
small, cylindri(ial muscles 
are Associated with the 
tendons of the flexor pro- 
fundus digitorum in the 
palm of the hand. The 
two outermost muscles 
arise from the radud side 
of *the* tendons of the 
flexor profundus digi- 
torum destined for the 
fore and middle fingers. 

The two innermost muscles 
arise, each by two heads, 
from the adjacent sides 
of the second and third, 
and third aid fourth ten- 
dons. From these origins 
the muscles are directed 
downwards to the radial 
side of each" of the meta- 
carpo-phalangeal joints, to 
be inserted into the cap- 
sules of these arlicula- 
tioBS, the, outer border of 
the first phalanx, afld 
chiefly into the outer side 
of the extepBbr tSndon on 
the dorsum of the phalanx. 

The luinbricales vary con- : 
siderafcly in* number, and 
may be *iacreased to six 
or diMmshed tp tw6. ; 

In ' ^ fprearm the 
fleiparV profundus 
toruinds cnugealed by the, 

and 

■ muso]^, 
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are concealed by the tendons of the flexor sublimis digitorum. On the finger each 
tendon is placed at first beneath, and afterwards upon, the tendon of the fleiior 
sublimis digitorum, in its passage through the digital sheath. Th^ lumbrical 
muscles passing downwards on the radial side of the deep flexor tendons lie beneath 
the digital vessels and nerves on their way to their insertion. 

The flexor longus pollicis arises from the anterior surface of the radius in its 
middle two-fourths, and from a corresponding portion of the interosseous mem- 
brane. Its radial origin is limited above by the oblique line and the origin of the 
flexor sublimis digitorum, and below by the insertion of the pronator quadratus 
miiscle. The muscle ends above the wrist in a tendon, which passes into the 
hand beneath the 'anterior annular ligament, envt^loped in a special synovial sheath. 
In the palm the tendon is directed downwards along the inner sidg of the thenar 
eniinence, between the flexor brevis and adductor muscles of the thumb, to be 
inserted into the terminal phalanx of the thumb. 

In the forearm the muscle is deeply placed beneath the flexor sublimfe 
digitorum. The radial artery lies upon it, and the anterior interosseous artery and 
nerve intervene between it and the flexor profundus digitorum. Jt crosses over 
the insertion of the pronator quadratus near the wrist. 

The pronator quadratus is a quadrilateral muscle, occupying the lower fourth 
of the forearm. It arises from the lower fourth of the anterior border and surface 
of the ulna, and is directed outwards to be inserted into the lower fourth of the 
anterior surface of the radius. 

The muscle is deeply placed beneath the flexor tendons, the radial and ulnar 
arteries, and the ulnar and median nerves. It conceals the lower part of the inter- 
osseous membrane, the radius and ulna, and the anterior interosseous artery and 
nerve, which j)a8S behind its upper border. The pronator quadratus is subject to 
considerable variations. It may even be absent ; or it may have an origin from 
radius or ulna, or from both bones, and an insertion into the corpus. 


SHOUT MUSCLES OF THE HAND. 

‘ Muscles of the Thumb. 

The abductor pollicis (m. abductor x)ollicis brevis) arises from the anterior 
annular ligament and the ridge of the trapezmm. Strap-like in form, it is inserted 
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OpPONENS minimi DIOl' 


Fi.EXOR carpi ULNABIS' 


Ulnar nerve 



First dorsal 

INTEBOBBEOITB MUSCLI? 

Flexor longus pollicis 

TENDON 

Adductor tbansvrrsus 

POLLICIS 

■ABDoerroR pollicis (cut) 
Plexor brevis pollioib 
■Adductor obliq^ub pollicis 

FliinLOR BREVIB POLLICIS 


IPPONBNS pollicis 
■Median nerve (muscular branches) 
'Abducix^r pollicis (cut) 


M^ACARPI POLLICIS 

Flexor carpi badiaijs tendon 

<■ 


J Fio. 244.— SnqBT Musclb| OF THE Hand. ® * 

into the outer side of 'the first phalaua: of the^ thumb and the eapsuio of 
ear|) 0 -phalangeal, joint. * ' 



SH0ET«MUSCIJ:S OF THE ^ ^ ^ 32d 

. • . . * 

It IS <jhe most superficial muscle of the thenar eminence, and conceals partially 

the«opponens, and the superficml {)ortion of the flexor brevis pollicis. 

The opponens pollicis arises beneath the preceding muscle from the annular 
ligament and the ridge on the trapezium. Extending downwards and outwards, it 
is inserted into the whole length of the first metacarpal bpne on its anterior sur- 
face. The muscle is superficial al^ng the outer border of the abductor pollicis. 

The flexor brevis pollicis consists of two parts. «. The supeo'ficial part of the 
muscle arises from the anterior annular ligament, and is ii)serted into the outer side 
of the base of the first phalanx of the thumb, a sesamoid bone* being present in the 
tendon of inserticni. This part of the fnuscle, partly concealed by the abductor 
pollicis, is superficial in the inteiYal between that muscle and the tendon of the 
flexor longus pollicis. . 

6. The deep part of the muscle (interrosseus primus volaris) arises from the 
ulnar sid^ of the base of the first metacarpal bone, and is inserted into the inner 
side t)f the base of the first phalanx of the thumb along with the adductor 
^ obliquus pollicis. This little muscle is deeply situated in the first interosseous 
* space, in^ the interval between the adductor obliquus pollicis and the first dorsal 
interosseous muscle. It may be regarded as homologous with the palmar interossei 
muscles, with which it is in series. 

The adductor obliquus pollicis arises from the anterior surfaces of the trapezium, 
trapezoid, and os magnum, from the tendon of the flexor carpi radialis, and from 
theTDases of the second and third metacarpal bones. It is inserted by a tendon, in 
which a sesamoid bone is developed, into the inner side o£ the base of the first 
phalftnx^f the thumb. At its outer border a slender slip separates from the rest 
6f the muscle, and passing obliquely beneath the tendon of the flexor longus pollicis, 
is inserted into the outer side of the base of the first phalanx along witli the 
suj)erficial part of the flexor brevis polHcis. 

'*The adductor obliqfhus pollicis lies on the ulnar side of the tendon of the flexor 
longus pollicis, internal to the thenar eminence. It is covered by the fle:jor tendons 
of the thumb and fingers, and conceals the radial artery and the deep part of tho 
flexor br^is pollicis. At its inner border the radial artery ^deep palmar arch) 
appears between it and the adductor transversus pollicis. * , 

The adductor transversus pollicis arises from the front of the third meta- 
carpal bone, in its lower two-thirds. Triangular in form, it is directed outwawls, 
Jjo be inserted into the inner side of the base of the first phalanx of the thumb along 
with the adductor obliquus. Lying beneath the flexor tendons, this muscle con- 
ceals the interossei muscles of the first two spaces and the radialis indicis and 
princeps pollicis arteries. Its upper border is separated from the adctuctor obliquus 
pollicis by the radiarartery (deep palmar arch). 

Muscles OF THE Little Fingbb. 

The abductor minimi (m. abductor digiti quinti) arisSs froin the pisi- 

form bone and the tendon of the flexor carpi ulnaris, and ia insei^d into tho inner 
Bide of the; baae of the first phalanx of the little finger. Iff lies auperfioially upon 
the oppsmenannd flexor brevis minimi digiti. ’ * • / 

The o^ppseM 1^^ di^ti (m. opponena digiti quinti) ari8<j^ Irom the 
antotior the hpbk of the unciform bone, and is'insinrted into 

the fifth metacarpal boue alpng^^i^^^ inpojf uiargin* 

It is epncealed by the pihvioua muscle, and; may be pierqed near its otigin for 
the pa^gp of thh dtep binnchce.pf the ulnar 
The iflokpi' hreViS 

the anterior hnUular figan^h4i and; t^-hoek pf the^^^^^^^^ 

•along ;Pnthv|h© abdupt(nr inte‘itheT!iS^^^^;^ 



330 


THE MUSeULAE SYSTEM. 


. The Interosseous Muscles. . •• 

X 

Tlie interosseous muscles of the hand are arranged in two sets, c palmar and 
dorsal. 

The .palmar interassei (m. interossei volarcs) are three in number, occupying 

tl}e three inner interosseous spaces. 
Each arises by a single head; the 
^rst from the ulnar side of the shaft = 
of the second metacarpal fbone ; the 
second and third from the radial 
sjries of the shafts of the fourth and 
tiftli metacarpal boneo respectively. 
Each ends in a tendon which is 
directed downwards belling, the deep 
transverse metacarpal ligament, 'to 
be inserted into the dorsal expansion 
of the extensor tendon, the capsule* 
of the motacarpo-phalangeal articu- 
lation, and the side of tlie first 
l)halanx of the fingers; the first is 
inserted into the ulnar side of the 
second finger ; the second and third 
into the radial fside of the fourth and 
fifth fingers. * • 

The dorsal interossei are foui*. 
in number. Each arises by two 
heads from the sides of the meta- 
carj)al bones 'bounding each infor-^ 
osseous space. Each forms a fleshy 
mass, and ends in a membranous tendon, wliich, passing downwards behind the 
transverse metacarpal ligament, is inserted exactly like the palmar musclgs into the 
dorsal asjJect of each of the four fingers. The insertion of the /irs^dorsal ifiter- 



FiiJ. 215. — The Pai.mau Interosseous Muscles. 

P\ first ; P*-*, second ; niid P^, third paljuar interosseous 
muscles. 


Ait"UCTOR roLi.icjs : orifc'in (cut)- 
IkSEUTION of flexor carpi RADI ALT! 

<4 

Insertion of ort’ONENS polltcis- 

* iNTERQSli’SUS PRIMUS VOLAKIH 


Abductor pollicis : iusortioiij^(!ut>-| 
ADDftci’oR ou^iji^us (insertion)* 
Adductor TKANsvERsus^insertioii)- 

PIR.ST DORSAL fNTEROSSEOUH MTTSCLr-J 
Second dorsal interosseous mubclp- 
Third dorsal interosseous muscle- 
Fourth dorsal interosseous muscli; 



Insertion of flexor 
CARPI ULNARIS 


Okiqins of 

PALMAR INTER- 
OSSEOUS MUSCLES 

Insertion of 
OPPONENS minimi 
piam 


Insertion of 

ABDUCTOR MINIMI . 


Fio. 216.— Dorsal Intjskosskous Muscl^ of the Hand (heon from the Palmar Aspect). 


osseous muscle is into the radial side of the* index, linger ; t|^e muscle m . 

attached to the radial side of the third finger ; the muscle^ to the uln^ 
of tli/^ same finger; and the muscle to’the iiluar side of tlie fourth finger^^^^^ 
Th5se muscles fill up the interosseous spaces ; the dorsal mterossei^re vialbfo 
on the back of the hami when the extefesor tOndons are, removed j iii the palm tll^ 
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^usoles concealed by the flexor tendons and the muscles of the t^umb and 
Httltf finger, and are crossed by tKe deep palmar arch and the deep branch of the 
iilnar nerve. • Between the two heads of the first dorsal muscle the radial artery 
eaters the palm, and the perforating arteries pass between the heads of the other 
dorsal muscles. > . 

The interossei muscles of the h 9 .nd in some cases have a disposition similar to 
that of the corresponding muscles of the foot. 

THE JdUSCLES ON THE MCK OF THE FOREARM. 

The group of mdscles occupying^»the outer side of the elbow ancf the back of the 
forearm and lidnd include the supinator muscles of the forearm and the extensors 
of the ■^rist and digita They are divisible into a superficial and a deep layer. 

Superficial Muscles. 

• 

The superficial layer comprises seven muscles, viz. from without inwards, the 
braehio - radialis, the two radial extensors of the carpus, the extensor communis 
digitoriHn arid extensor minimi digiti, the extensor carpi ulnaris, and the 
anconeus. ^ * 

The brachio-radialis arises from the upper two-thirds of the external supra- 
condyloid ridge of the humerus, and from the external intermuscular upturn. 
Occuwing the outer side of the hollow of the elbow, the muscfle descends along the 
outer Doraer of the forearm, and ends about the middle in a narrow flat tendon 
which is inserted into the ri^e on the front of the base of the styloid process of the 
radius. 

^The muscle is superficial in its whole length. Near its origin it is separated 
from the brachialis smticus by the musculo-spiral nerve. It forms the outer 
boundary of the hollow of the elbow, and conceals the radial extensors of tfce carpus, 
and, in the upper two-thirds of the forearm, the radial artery and nerve. 

The extensor cax*pl radialis longior (m. ext. carp. rad. longus) ai^es from 
(jjie Tower thild of the external supracondyloid ridge of the humerus, from the* 
external intermuscular septum, and from the common tendon of origin of succeeding 
muscles from the external condyle. It ends in a tendon in the lower half*of the 
forearm, which passes beneath the posterior annular ligament, to be inserted into the 
back of the base of the second metacarpal bone. 

The upper part of the muscle is concealed by the brachio-fadialis, and the lower 
part is cros8ed!^‘by the extensors of the thumb. It covers the supinafor brevis and 
extensor carpi radialis brevior above, and the back of the radius and the carpus 
below? * 

The extensor carpi radii^s brevior (m. ext. carp. rad. breves) arises from the 
common tendon, from the external lateral ligament of the elbow, from the fascia 
over it, and froin intermuscular septa on each side. It passes down the back of 
the forearm in elose relation to the previous muscle, to b^ inserted by a tendon 
. into the back of the base of the third metacarpal bone. ^ A bursa is j^^ aced beneath 
the twwdial exto^nsor tendons close to their in^rtion. * ; . 

PartteJlf extenEor caipi radialis longior and t& exteote? 1 

muscles of the i:;iteunib, and haying the extensor cpmui unis digitorum on ite 
side, the mutele teye^^^ and the loiVer part of the 3^un 

common tehdbn> fipm tho 

fEiscia :oy& ite : iute^ 

backMf^thhifotettte^tfehds aTteve: tfe'Wrist in fo^^^ 

ligameht^ itehteartth^t' -^ti^d^^^separatei^; 
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The tendons are insierted in the following manner: — On the finger each tendon' 
spreads out so as to form a membranous expansion over the knuckle and oq the 
back of the first plialanx. The border of the tendon is indefinite o,yer. the m^ta- 
carijo-phalangeal articulation, of wliich it forms the posterior ligament. On the 
back of. the first phalanx tlie tendon receives laterally the insertions of the interossei 
and lumbrical muscles. At the lower end of fhe first phalanx the tendon splits 
into ill-defined median and lateral slips, proceeding over the back of the first 
inter-phalangeal articulation, of which they form the posterior ligament. The 
median slip is ins&ted into the back of the base of«'the second phalanx^, while the 
two lateral pieces become united to fol*m a membranous tendon on the back of 
the second phal^inx, which, after passing over ^he second intei^halangeal articula- 
tion, is inserted into the base of the terminal phalanx. - ' 

The extensor communis digitorum is superficial in its whole length, iind lies 
between the radial extensors of the carpus externally and the extensor minimi 
digiti internally. It conceals the supinator brevis and other deej) muscles'* of •the 
forearm, as well as the posterior interosseous vessels and nerves. The extensors of the 
thumb become superficial along its outer border in the lower third of the forearm. 

The extensor minimi digiti (m. extensor digiti quinti proprius) has an origin 
similar to and closely connected with that of the preceding muscle, from the 
common tendon, the fascia over it, and lateral intermuscular septa. Passing down 
the back of the forearm as a narrW fleshy slip, between the extensor communis 
digitorum and the extensor carpi ulnaris, it ends in a tendon which occup'ies a 
groove' between the^ radius and ulna in a special compartment of the posterior 
annular ligament ; on the back of the hand the tendon, usually split in <iWo‘ parts, 
lies internal to the tendons of the extensor communis digitorum, and is finally 
inserted into the expansion of the extensor tendon on the dorsum of the first 
phalanx of the little finger. 

The extensor carpi ulnaris has a double origin: (1) fr&m the common tendon 
from the ^external condyle, from the deep fascia over it, and from the intermuscular 
septa ; and (2) through the medium of the deep fascia, from the posterior border of 
the ulna* in its middle two-fourths. The muscle ends in a tendon in the^lower third 
pOf the fofearm, which occupies a groove on the back of the ulna in 'a speciaP com- 
partment of the posterior annular ligament, and is inserted into the back of tlie 
base of the fifth metacarpal bone. 

The muscle is superficially placed between the extensor minimi digiti and tl\e 
anconeus, external to the posterior border of the ulna. It conceals the supinator 
brevis and the posterior interosseous vessels and nerve above, and in the lower two- 
thirds of the ‘forearm covers the posterior surface of the ulna. ^ 

The anconeus is a small triangular muscle arising by £ separate tendon from 
the back of the external condyle of the humerus. Spreading out over the ulna, it 
is inserted into a triangular surface on the outer side of ^he olecranon process and 
back cf the ulna, as low down as the oblique line. 

It is ^covered by the thickened fascia of the forearm giving ‘insertion to the 
triceps muscle. It conceals the back of the elbow joint and part of the origin 
of the supinajior brevis muscle. 

The epitrochleoWconeus is an occasional small muscle arising from the back of tlie internal ; ; 
condyle 6f tke liunieriis, and inserted into the inner side of the olecranon process. *lt covers the 
ulnar nerve in its passage to tlie forearm. 

.. Deep Muscles. ' ' 

The deep muscles of the back of the forearm comprise five niUTOles^ dr: 
which one, the supinator radii brevis, extends betw<een the ulna and r^us ; the ; 
others are extensors of the thumb and forefinger : the extensor ossis metacai^i I 
poUicis, extensor brevis and extensor, longus pollicis, ^nd extensor indicis. ; 

*' The 'supipator radii brevis (m. supinator) muscle has/ a ' complex origin r 
frouji the external condyle of the humerus f (2) from the external laterM and brbi*?^ * 
culai' ligaments of thes elbow joint ; (3) from the triangular surface Oa the ulnai i 
below the lesser fiigmoid.cavity;^ and, ^) frcin the fasem oyer it.; 
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Triceps (U)ng litad) 
TuicEi's (outer lieail) 


tlie muscle Spreads otilnva^ and downwards, enveloping the upper part of the 
i^dius, and* is inserted into the anterior and outer surfaces of the bone, as far 
forwards as the bicipital 
tuS^rcle, as f^t upwards as 
the heck, and as far down- 
wards as the oblique line 
and tlie insertion of the 
pronator radii teres. 

The supinator brevis is 
deeply placed, and is un- 
covered only anteriorly in 
the hollow of the '‘elbow. 

It is cov^ed all the 
superficM muscles oii the 
back of the forearm. It 
conceats the back of the 
elbow joint and the upper 
part of the radiua At its 
lower border is. the extensor 
(issis ifl.etacarj)i pollicis, 
separated from it by the 
posterior interosseous 
artery. The muscle is 
divisible into superficial 
and deep parts with humeral 
and ulnar regions, between 
which the posterior inter- 
ossepus nerve passes^ to 


External condyle 
of huinerns' 


Insertion of 

TRICEPS 

Extensor muscijw 


Supinator radii 

IJHETIH 


Fi-exor carpi 

ULNARIS 


Extensor carpi 

l?LNARI8 



Uracitio-radialis 


— Brachialis antichm 


Triceps (inner lieud) 


Extensor carpi raptat.ih 
LON oioR (origin) 

Extensor carpi uadialis 
RRE vioR (origin) 


■Muscnlo'spiral iiorvo 


•Vosterior interosucous nerve 


Extensor lonous 

POLL1C18' 


Extensor indiois 


Dorsal liraiich of iilnar 
nerve 

Extensor minimi 
D icrn (tendon) 
Extensor communis 
D ioiTORUM (tendons)' 


Extensor indicis 


Extensor oasis metacarpi 
PI>LUC1S 

Extensor carpi radiauib 
L umiioit 


reach the back of the fore- 
arm. , 

The extensor ossis 
metaparppo i^olUcis (m. 
ai)duotor polhcis longue) 
arises below the supinator 
brevis from the posterior 
or extensor surfaces of the 
radius and ulna, and from 
the interv^iing portion of 
the interosseous i^em- 
brane. Becoming super- 
iioial ^ the lower part of 
the ^forearm along witlf 
the extensor breves poUiois, 
it passes beneath the 
posterior annular ligament, 
to be iioserted into the 
outer : silSei of the base of 
the first mdtec^^ bpi^^^ 

At its prigih the iunsele 
is deeply placed' beneath 
the 8tt)^rfioial extensor 
muso^ and the pb^^or 
interb^Ccithh^^^^ 
nerya ' ■■■ 

ihator J ;'brcvijs,;| #eJbl!i5#nd;i 




ExTENSD U C ARPl^i ADI a LIS 
BREVIOR 


Extensor brkvi^ pollicis 


Extensor carpi radialih 

LONOIOR 

Extensor ossis metacarpi 

POLIACIS 

ExTEN:9>K carpi BADIAtaS 

BUEVIQR 

K&TENSOR DBEVIH POLLICIS 


Extensor lonous 

POLLICIS 

First DORSAL 
nterqrbeow 

MUSOLE • 


Back •'O#- 

* ' ■ ' - 
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THiB MUSCXj^AR SYSTEM, 


C 


muscles in its further course in the forearm, and at the wrist it crosses the 
radial artery. . . » 

The extensor brevis pollicis, an essentially human muscle, is a specieElised 
portion of the previous muscle. It arises from the back of the radius and tbe 
interosseous membrane below the extensor ossis metacarpi pollicis. It is closely 
adherent to that muscle, and accompanies it beneath the posterior annular ligament 
and over the radial artery to the thumb. Its tendon is then continued along the 
back of the first metacarpal bone, and the metacarpo-phalangeal articulation, to be 
inserted into the b^se of the first plialanx of the thumb. Before reaching its 
insertion the tendon helps to form the (^psule of tlie metacarpo-phalafigijal joint. 
In the forearm the muscle is deeply placed beneath tlie superficial extensors, and 
is separated from the extensor longus pollicis by the posterior interosseous nerve. 

The extensor longus pollicis arises from the posterior or extensor surface of 
the ulna, and from the interosseous membrane, below the extensor ossis mtftacarpi 
pollicis. Its tendon grooves the back of the radius, and occupies a specisrl compart- 
ment beneath the posterior annular ligament. Extending obliquely across Elio 
back of the hand, it is inserted into the base of the second phalanx of the thumb. „ 
The muscle is deeply placed beneath the superficial extensors of the forearm, 
and lies between the extensor brevis polKcis and the extensor indicis. It separates 
the posterior interosseous artery from the nerve, the latter passing beneath dt. On 
the back of the hand the tendon crpsses the radial artery, and helps to form the 
capsule of tlie first metacarpo-phalangeal articulation. 

The extensor indicis (m. extensor indicis proprius) arises below the extensor 
longus pollicis from tlie back of the ulna, and sometimes alsc from the interopeous 
membrane. Its tendon passes through a compartment of the posteriof annular 
ligament along with the tendons of the extensor communis digitorum, and is 
inserted into the forefinger, joining the membranous expansion of the tendon of 
the extensor communis digitorum on the dorsum of the first^phalanx. 

Lying deeply in the forearm, the muscle is placed internal to the extensor 
longus pollicis, and covers the posterior interosseous nerve. On the back of the 
hand its tendon lies on the inner side of the tendon of the common extensor 
destined '(or the forefinger. r" 


Nerve Supply. 


« Foun nerves are engaged in supplying the muscles of the forearm and hand — the median and 
ulnar on the front, tlie musculo-spiral aii^ posterior interosseous nerves on the back of the 
limb. 


Muscles. 

Nerves. 

Origin. 

A. Pronators and Flexors. 

f 


Pronator' radii tere.s \ 


t 

Flexor carpi rhdialis 1 

'Palmaris longus j 

Median . . * . 

C. 6. 

Flexor suhhmis digitorum ' 

Flcx?Or carpi ulnaris .... 

Ulnar 

C. 8. T. 1. 

Flexor profundus i^igitorum 

r 

Flexor l(5!l?ku\.^>ollicu8^ * 

Pronator quadratus / * 

/Ulnar and anterior in- 
\ terosscous (median) 

C. 8. T. 1. 

0. 7. a T. 1 . 

Anterior interosseous . 

0. 7. 8.-T. 1. 

B. Mus'cles of the Hand. 



Abductor pollicis \ 



Opponeiis jiollicis V . ; 

Flexor Ijrevis pollicis (superficial)] 

Median ... 

* » 

C. 6.7. 

Flexor brevis pollicis (deep) 1 


f 

Adductor obliquus jiollicis J . . 1 

Ulnar . . . . 

C. 8. (T. 1). 

Adductor transversus pollicis J 

c 


Lumbricales 1st and 2nd . 
Lumbricales 3rd and 4th \ 

Median . . . 

■ aa-7.--' 

Interossei 

^ ■ V '■ 


ir FleXor brevis minimi digiti > 

U^ar . . .. ^ 


Opponens^ minimi digiti 
( ^bductor miniini digiti ) 



'r.. ' - ■ " . . 




BTOdMS ON THE BAOK OE HIE EOBEAN 


. Muscles. 

~T» 

C. Supinators and Extensors. 

Braeliio-radialis 

Extensor carpi radialis loiigioi* j 
Extensor carpi radialis brevior 
Extensor corninnuis digitonini 
Extensor jniniirii digiti 
Extensor carpi ulnaris 

Anconeus 

SupiiSlator radii brevis s 

Extensor ossis iSietacarpi pollicis 
Extensor brevis^pollicis ' 

Extensor Ipugus jiollicis j 

Extensor indscis 


Nerves. 


Musculo-siiiral 

.> 

Posterior int.erosseoiis 
(iiiiisciilo-spiral) 

Musciilo-spiral \ 


Posterior interosseous 


Action of the Muscles of the Forearm and Hand. 

«- 

The nmscles of t\io forearm and liand are concerned in the movements of the elbow, wrist, and 
joints of tlie fingers. 

In tli,$ majority of cases the muscles act upon more than one joint. 

1. Action on the Elbow Joint. — It has been shown already (p. 330) that fiexitm and ex- 
tension of the elbow are assisted Ijy certain of these muttjles. The flexor muscles are the pronator 
radii ^^eres, and the flexor muscles of the wrist and fingers, along with the hracjliio-nMlialis and 
extensors of the wrist and fingers (during intonation). The extensors are the supinator brevis and 
anconeus, and the extensor muscles of the wrist and tingei*s (during supination). 

2. Probation and supination of tlie hand are performed by special muscles, aided hy muscles 
which act also upon other joints. The hratihio-radialis assists in flexion and proiiation on the one 
hand, and in extension and supination on the other hand. 


Pronation. 


Pronator radii teres 
Pronator quadratus 
Brachio-radialis 
’ Flexor cgff*j>i radialis 
Weight of the limb 


Supination. 


Supinator radii brevis 
Biceps 

Braeliio-radialis ^ 
Extensors of thumb and fingers 
Weight of the limb ^ ^ 


• 3. Action on the Wrist Joint. — The movements at the wrist joint arc flexion and extension, 
abduction and adduction. The following muscles produce these movenij^nts : — 


a. Flexion nn4 Extension. 


&. Adduction and «»Abduction. 


Flexor carpi radialis Extensors of the wrist i Flexor carpi ulnaris ISlexor carpi radialis 

Paliiiaris longus Extensors of thumb ! Extensor carpi ulnaris Extensors of wrist 

Flexor carpi uluaris and fingers | Ext^ors of.tlftimh 

Long flex6rs*of a 

thumb and fingeiB 


articulatibfis^f the to flexion and extension (at the metacarpp-T 


* oh to the 
fd ihter- 


phalangeal jbiuts)^ abduction and adduction (only at the metacarpo-phalangeal joints). The 
inbyemtofe ah<l the the following table 


a. Ilexion " and ; laxtension. 


Fletor eu^inis digitbri^^^ ^ ^ ; digitorum . i 

/Fleto?, pjfefuudusdi^to ' r-' j..’'; 
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II 

K Abduction and Adduction. 

♦ 

Lumbricales \ 

Flexor brevis and 1 (from the inner side 
Opj»onens minimi I of the hand) 
clfgiti / 

r(fr()m the middle 
Dorsal interossei -I line of the middle 
[ ^linger) 

f 

A 

r. f (to the middle line 
Palmar interossei 4 oft h e middle 
[ finger) 


Flexion is more powerful and comidete tliaif extension of tlie fingers. ® Tlic flexor profundus 
alone acts on the terminal plialanges ; the flexor sublinifis and flexor jjrolhndus together flex the 
proximal iiiterphalangeal joint ; and flexion of the mdiiacarpo-plialangeaf articulation is effected 
by these muscles, assisted by tlie interossei, luinbricales, and flexor bivtsvfs minimi^ digiti. 
Extension of the ])halanges is eftccted by the united action of the extensors of the rl^its, the 
interossei and luinbricales ; extension of the flngei-s at the metacarpo-jdialangeal joints is iiroduced 
solely by the long extensor muscles. Separate extmdon of the index finger only is jTossiWe ; <4)he 
three inner fingers can only be flexed and extended together, on account of the connecting bands 
joining the extensor tend{)ns together on the back of the hand. r 

5. Movements of the Thumb. — The movements of which the tliumb i^ capable are flexion 
and extension (occurring at the carpo-metaeH.rpal, mctacarpo-])halangeal, and iiiterphalangeal 
joints) ; abduction and adduction, together with circumduction (occurring at the carpo-ny^tacarpal 
joint). . - 

The muscles and their resj)ective actions are given in the following table : — 


a. Flexion and Extension. 

f 

Opponens pollicis { 

Flexor brevis 1 (carpo-metacarpal and 
Adductors > metacarpo-plialangeal 
Abductor J joint) 

Flexor longus pollicis (all joints) 

1' 

c * 

Extensor ossis meta- ( (carpo -metacar j>al 
car]>i pollicis \ joint) 

Extensor brevis \ ('^rpo-m«tacarpal and 

I”"'* / jSjSJ*-'""'"- 

Extensor longus pollicis (all joints) 

*■ 

f 1 

h. Adduction and Abduction. 

Adductors*\/f the thumb 

First dorsal interosseous ‘ 

Abductor i:»ollicis 

Extensors of the thumb 

( 

c! Circumduction — a combination of the above muscles. 


The characteristic features of the movements of the upper limb are their range and 
refinement. The liand, in addition to its intrinsic powers, can be moved through a 
wide range and in‘ several planes by the muscles acting on the wrist and radio-ulnar 
joints 9 tliis range is increased b}^ the fore and aft movements at the elbow-joint, and the 
extensive ^movefnents of which the shoulder and clavicular joints are capable. The 
result is that the hand can be brought into a position to cover and guard any portion 
of the body. The precision and refinement of movement is made possible by the co- 
ordinate movestfenjs of the’ various muscles acting upon the several jointe, so that ; 
actions pan be performed (as eating) in which all the articulations of the limb are brought • 
into play ; ‘while others (such as writing) are possible by movements at the* joints of the { 
wrist and fingers along with fixation of the elbow-joint. 


THE LOWER LIMB. 

FASCIiE AND MUSCLES QF THE THIOH AND ; 0 

. . .FASCIiE ■■ ' ; . 

The supl^rflcial fascia of the^ thigh ag:d buttock is coiltiiiuous above vyith tbei^ 
fascia of the abdomen and back, internally with that of tftie perineum, and below?! 
with that of tb(3 leg. It presents no^iceatde features in' tlie buttock and groiiii' | 




Snperfidal layer of _ 
superficial fascia 


Supei'Acial circumflex iliac vcbscIh 
Inguinal lymphatic glands 

Deep layer of superficial fascia 
Femoral lymphatic glands 


Genito-crural nerve 
Superflcial layer of 
superficial fiiscia 

Tiiternal saplienoiis vein 


Deep layer of 
superficial fascia 
Superficial 
epigastric vessels 
Huperficial layer of 
Kupi'i'fidal fascia 

Superior external 
puilic vessels 

Ilio-inguinal nerve 
Spermatic cord 


; lNi> 

j In the huttoefc the superficial fascia is of considerable thickness, and usually 
; loa4ed with fat, whereby it assists iu forming the contour of the buttock and the 
fold of the ijates. 

In the groin it is divisible into two layers: a superficial fatty layer, continuous 
with a similar layer on the front of the abdominal wall above, and over the 
perineum internally, and a deeper membranous layer, which is attached above to 
the inner half of Poupart's ligament, and to the deep fascia of the thigh just below 
the outer half of that ligament. Internally it is attached to the pubic arch, and 
below the level of Scarpa's> triangle it blends inseparably '»wifch the superficial 
fatty layer. The. s 

separation of these 
two layers of the ‘ 
superficial fascia 
is occasioned by 
the presence be- 
tween them of the 
• femoral and in- 
guinal lymphatic 
glands, the inter- 
nal saphenous vein 
and its tributaries, 
and some small 
arteries. The at- 
tachment of the 
deeper layer of the 
fascia to the pubic 
arch and Poupart's 
ligament cuts off 
the superficial 
tissues of , the thigh 
from the perineum 
ando the *'*anterior 
mbdominal wall, 
and prevents the 

passage down the thigh of fluid collected in, the perineum or beneath the fascia of 
^he anterior abdominal wall. 

The deep fascia or fascia lata forms a tubular investm^pt for the muscles and 
vessels of the thigh and buttock. It is firmly attached above to the^iliac crest, the 
great sacro*sciatic ligament, the ischium, the pubic arch, the jiuljic symphysis and 
crestj^ and Poupart’s ligament. Below, in relation to the knee, it^ is continuous 
with the deep fascia of ^^e leg, gains attachment to the patella]? the tuberosities of 
the tibia and the head of the fibula, and forms the lateral ligaments;pf the patella* ; 

On the firpirf; of ^ is thick and strong ’ It JS pierced 

by numerous openings for vessels and nerVes, the most important ot whm^^^ 
the Saphenoim openuig for the internal saphenous vein. A^fempral hernia pa 
through^this Opening to reach the anterior abdominal Wall Itjs ^n ov^al "opening ■ 
of yamble 14^ inner half of Poupart's ligjai^^ 

imrQediwatlljy^to vessels: It is covered by t^ 

fascia^^eMttd tfeo 

outer edge;^f^tb^:d|^ 


.’Kfaspt? 



Fig. 248 . — The Gboin. Structures between the Layers of the 
Superficial Fascia. 
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in front of the sheath, is derived solely from the iliac portion of the fascia lata.. 
It forms a strong triangular band of fascia attached above to the inifer half of 
Poiipart’a ligament, and is known as the falciform ligament. It has an important 
share in directing the course of a femoral hernia upwards on to the abdominal 
wall. 

Inter^ially in relatidn to the adductor muscles of the thigh the fascia lata 
becomes much thinner. At the knee it is associated with the tendons of the vasti 
muscles, and forms the lateral ligaments of the patella, attached to the borders of 
the patella and to the ffuberosities of the tibia. Eof^ternally it gives rise to the 


OuLIQTIUa EXTERN US MUSCLE' 
A.poiicurosis of otiliquus cxtenius 
Iiitercoluinnar iibres 

Poupart's ligamen 
Iliac portion of fascia luia 
lilxternal cutaneous nerve 

Falciform ligament 
• Ci'ural sheath 

Keinoral vein 
Femoral artery 
Genito crural nerve 
Inferior cornu of saphenous 
opening 

Fcmonil lymphatic gland 
Internal saphenous vein 



Eleventh thoracic nerve 
Twelfth thoracic iief re 


Ilio-hypogastric nerve 

abdominal ring 
Iflxternal abdominal ring and sperniatie cord 

— Suspensory ligament of penis 
— llio-inguinal'nervu 


Body of penis 

Dartos muscle of scrotum 


Middle entaueous nerve 
: Middle cutaneous norv 


Pubic portion of foscia lata 




Cfvrni.nn-mT 1 r 


ilio-tibial band — a broad thick layer ol" fascia which is attached above to the iliac* 
crest, and receives the insertions of two muscles in the upper part of the thigh — 
the tensor fasciae femoris, and part of the gluteus maximus ; it is attached below 
to the capsule of tjie knee-joint and the outer tuberosity of the tibia. The fascia 
beneath the tensor fasciae femoris muscle, continued upwards from the ilio-tibial 
band, sends a strong band inwards which joins the origin gf the rectus femoris" and 
the cA^sule of the hip-joint. 

On* either '^ide of the thigh above the knee an intermuscular septum is 
formed ; the external intermusculw septum extends inwards from the ilio-tibial band 
to the external supra'<sondyloid ridge of the femur; and gives attenhment to the ■ 
vastus externusiand crureusen front, and the short head of the biceps behii^ The ; 
internal intermuscular septum is more complex. It is represented by a layer Sf f^ia' 
which forms separate envelopes for the gracilis and sartorius muscles, and in th^,' 
upper and middle thirds of the thigh encloses the adductor muscles. In the lower 
third of the thigh it is for the most part replaced by< the tendon of the adductor 
magnus; in the middle third of the thigh the fascia is speoiaUy thickpned by;; 
tijansverse fibres connecting together the adductor muscles and the vastus inte!rnus.f 
This sheet of fascia forms a special aponeurosis beneath thje< sartoriUB, which roofs ; 
'over the femoral artery in Hunter’s canal. . ■ 

The fascia lata of the buttock is , tlnck anteriorly in relation to ithe glu^Mi 
ma^lius, thinner posteriorly over the glhteus nmxinms, Ut the upper border ;bf ^ 
it splits to enclose and assist in forming the msertion of the musele. : 

OiMthe back ' of the thigh and over the pe^toal space fascia is 8t^hgtheii^< 
by transverse flibres derived from th% haiwisiipg musdes. The^^^^ 
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; forming the roof of the popliteal space is specially thick, and is usually pierced 
hy ithe external saphenous vein. • 

. A femoi^ hernia appears in the thigh through the saphenous opening, thereafter 
passing upwards over Poupart’s ligament to the anterior abdominal wall. 

Femoral Sheath; — This is a conical membranous investment for thp femoral 
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named the crural canal. The wall of this is known as thfe' crural 
canal is the passage through which a femoral hernia enters the thighv Its upji^^ 
limit is the crural ring, jdaced behind Poupart’s ligament in front of the origin of 
the pectineus muscle from the pubis; external to Gimbernat’s ligament, and 
internal ^o the femoral vein. In front of it the fascia transversalis forming the 
sheath is thickened to form the deep crural arch. The part of Poupart’s ligament 
in front of the ring is called the superficial crural arch. The deep epigastric artery 
separates the crural ring from the internal abdominal ring. The crural canal 
ordinarily contains fat which is continuous above with, the extra-peritoneal tissue. 
The crural ring is filled by a plug of fate or a lymphatic glan(J, constituting the 
crural septum. c 

The crural canal ends behind the saphenous o^pening, covered ^by tjjie cribriform 
fascia; the falciform ligament crosses over it and conceals its uppef portion, y The 
course of a femoral hernia is determined by this band of fascia lata. The hernia 
descends through the crural ring, pushing the crural septum before it ; it ^crav^jrsQS 
the crural canal, and is directed forwards through the saphenous opening. The 
anterior part of the hernia, being pressed upon and retarded by the crural arches 
and by the falciform ligament, the posterior part pushes onwards, hooks round the 
falciform ligament, and is directed upwards over Poupart’s ligament. The cover- 
ings of a femoral hernia, in addition to peritoneum and extra -peritoneal* tissue 
(crural septum), are crural sheath, cribriform fascia, superficial fascia, and skin. 

t 

, THE MUSCLES ON THE FEONT OF THE THIGH. 

f ‘ . 

The muscles on the front of the thigh include the sartorius, quadriceps extensor, 
iho-psoas, and pectineus muscles. 

The sartorius, a long strap-like muscle stretching obliquely across the thigh, 
arises from the anterior superior spine of the Hium and; half of the notch 
below it. It passes down the thigh to the inner side of the knee, where it is 
inserted by ^iponeurotic fibres into the inner surface of the shaft of the tibia just 
below the inner tuberosity, and by its borders into fascial expansions which join 
t^e capsule' of the knee-joint and the fascia lata .of the leg. •' '* • 

The sartorius'^ii: superficial in its whole extent. It is so twisted on itself that*- 
in the upper third of its length its superficial surface looks forwards, in the lower 
third inwards at the side of the knee. Jt passes diagonally down the thigh, separ- 
ating the quadriceps extensor externally from the adductor muscles internally. Its ' 
upper tliird forms the oater boundary of Scarpa’s triangle ; its middle third forms 
the roof of Hunter’s canal ; and its lower third, in contact with the inner side of the 
knee, is separated fxom the tendon of the gracilis muscle by 'the long saphenous 
nerve and a branch of the anastomotic artery, A bursa lies beneath the tendevu at 
its insertion. The 'sartorius conceals in its upper third »the external circumflex 
artery and brannlies of the anterior canal nerve, and it covers the femoral vessels 
in HunterVcanal. >■ 

The quadriceps extensor (m. quadriceps femoris) lies between the sartonus - 
on the oije hand and the tensor fasciae femoris and ilio-tibial band on the other ; - 
it is composed 6f ijour musdles — the rectus femoris, vastus externus, crurt^iis, and 
vastus intern'^ , : ^ 

The rectus femoris has a double tendinous origin. (1) The straight 
arises from the anterior inferior spine of the ilium ; (2) the reflected head . 

from a rough groove on the dorsum ilii just abovb the- highest part of the . 
acjetabulum. A bursa lies beneath this head of origin. The two headitf bohnd S 
together and connected to the capsule of the hip-joint by a baud of fascia deiived j 
from the under surface of the tensor fasciae femoris (Uio-tibial band); ^ve rise^^t^^ 
single tendon which extends for some distance on the front of the mu^le, and fidpi: 
which the muscular fibres arise. Thq muscular fibres springing from this tehdpuV^ 
alia*’ also from iU knedilan septal tendon, piesept a bipelinPte i^angsihedt^ to 
below in a broad tendon which passed' upwards for some distance' alpng thei ji^tend?^^ 
surfacS of the tnuscle. This tendon gradually narrows tPwai^ ^ 
spreading out agpin, is^iaserted into upper bbjder of the 



.'•'■.■■ ■ '■ '.ft • * ’ ' ■ ■ . ■ 

Wteralljr^pirta of thie WBertions of the vaati murolesi, and on its deep surface is 
juip^ by the tendinous insertion of the crureus. 

• The reqfus femoris is superficial except at its origin, which is covered by the 
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the synovial membrane of the knee-joint, lies beneath its tendon in front of the 
lower end of the shaft of the femur. • ' ♦ ^ 

The vastus extemus (m. vastus lateralis) has an origin, partly flgshy, partly 
membranous, (1) from the shaft of the femur, from the anterior tubercle, along 
the lowef border of the, great trochanter, the gluteal ridge, and the upper half 
of the linea aspera; and (2) from the fascia |ata and external intermuscular 
septum. 

It forms a thick broad muscle directed downwards and forwards, and is 
inserted into (1) tlie outer* border of the tendon of the rectus femoris, (2) Jhe upper 
and outer border of the patella, and (3)fthe capsule of the kjiee-joint, and the 
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Fig. 252. — Transverse Section of the Thigh (Hunter’s Canal). 


external lateral ligament of the patella. The vastus externus is covered super-*' 
ficially by the fascia Jata and the iUo-tibial band. A bursa intervenes between 
it and the menabranous insertion of the gluteus maximus : at its inner border is 
the rectus fenforfc.;' and along its outer border, but on a deeper level, is the 
crureus, which 4s also to a large extent concealed by the muscle. Between,; the 
vastus externus and crureus is the descending branch of the external circumflex 
artery.,- ,, 

The vastus 'internus (m. vastus medialis) is larger than the vastus externus 
and has a more extensive origin, from (1) the shaft of the femuf, from the anterior 
tubercle,, spiral line, Unfea aspera, and the upper two- thirds of the line leading frohi . 
the linea aspera tp the internal condyle of the femur ; (2) the merobranous : 
expansion of the fascia lata which lies beneath the sartorius and fonu^ tne roof ; 
of Hunter’s ‘canal ; and (3) the internal intermuscular septum and tendon of the , 
adductor magnus. 

From its origin the muscle is directed downwards and. outwards towards tfie -; 
l^ee ; it is inserted into (1) the inner border of the rectus , tendon, (2) tfce upper ■; 
and inner border of the patella, and (3) the capsule of the kneerjoint and 
internal lateral ligament of the patella. The vastus, in terntis is sufei^ouil except » 
at its origin, which is concealed by the sartorius and femoral yessels, aMpng- ^g 
outer 8id.e are the rectus and crureu^; the npiscle conceals the inner dde of 
sfiM't of the femur and the crureus, with ^hich it is closo]!y tiiopiporat^^ 
lower two-thirds. '■ *,• 

Tfie crureus mtiBole (m. vastus intermei|ius) arises (l) from thp upper 
of the shaft of the femur, on tho anterior add external Sui^aceSi, ;^ 2) 
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half of the Hnea ae^ra and upper part of the line leading therefrom to the 
external Condyle, ns well as (3) from a corresponding portion of the external 
intermuscu^r septum. 

For the most part deeply placed, the muscle is directed downwards to an 
insertion into the deep surface of the tendons of the rectus and vasti muscles by 
means of fibres which join a meml)ranous expansion on its ’surface. 

The crureus is concealed by the rectus and vasti muscles, and by the ilio- 
tibial band externally, in the lower half of the thigh. It is closely adherent to the 
vastus ex|ernus muscles in tjie middle third of the thigft ; ia is inseparable from 
the vastus internqp below the upper thi|d. Beneath the crureus is the femur; 
and in the lower third of the thigh it conceals the suborureus muscle, a bursa, and 
the upward pfolongation of the syhovial membrane of the knee-joint. 

suborc(^eus consists of a number of separate bundles of muscular fibres 
arisiii? beneath the crureus from the lower fourth of the front of the femur, and 
iqseited %ito the synovial membrane of the knee-joint beneath the tendon of the 
rectus femoris. 

' The four elements composing the quadriceps extensor muscle have been traced 
in their convergence to the patella and the lateral ligaments of the patella. 
Their ultimate insertion is into the tibia, by means of the ligamentum patellae, 
and the lateral ligaments of the patella. The patella, indeed, is in one sense a 
sesamoid bone formed in the tendon of the nfuscle,*the ligamentum patelhe being 
the real tendon of insertion, and the lateral ligaments fascial expansions from 
its borders. The insertion of the muscle forms the front^of the capsule of the 
knee-johit. * 

The ilio-psoas muscle is a compound muscle, consisting of one or sometimes 
two elements (psoas, maghus and parvus) connecting the femur and pelvic girdle to 
the axial skeleton ; and another element, the iliacus, extending between the pelvis 
and the thigh. The muscles chiefly occupy the posterior wall of the abdomen 
and false pelvis, their insertions only appearing in the thigh below Poupart’s 
ligaipent. * 

The psoas magnus (m. psoas major) is a large pyriform muscle, wlpch has an 
exbensivVoxigin from the vertebral column in the lumbar region. It arises (1) 
•from the intervertebral discs above each lumbar vertebra, and^R)m the adjacent 
margins of the vertebra) — :from the lower border of the 12th thoracic to ^le upper 
border of the Sth lumbar vertebra; (2) it prises also from four aponeurotic arches 
• which pass over the sides of the bodies of the first four lumbar vertebrae ; and (3) 
it has an additional origin posteriorly from the transvespe processes of all the 
lumbar vertebrae. The fibres form a fusiform murele directed dowpwardi over the 
pelvic brim and beneath Poupart’s ligament, ending in a tendnsri^hich is inserted 
intq the apex of the lesser trochanter of the femur. . 

The psbas muscle (pjmipies the posterior abdominal wall,«the false pelvis and 
the thighi In the abdomen it lies in the groove alongside the bo^js of th^Ihrabar 
vertebrae, ih fsont of t^^^ transverse processes, and envel(^ed by a faTOia derived 
from the |ambar aponeurosis. The abdominal viscera in contact with it are i 
the kidney and colon on both sides, with the duodenum on the rightj aind the 
pancr^ op, ;the left Bjde.V The Ireter ie m; front of it, along with the Bpemihtw 
or ovaidap, ihe]^nai and cphovefiSels./ Th^ inferior’vena cava is4ji!^"fr<m^^^f .fhe 
right muscle ; the inferior mesenteric vein is in front of that of the Mt side. The 
luAbm plexne feMbMded iii its the nerves of distribiationotnerge 

from its lM)id:e^ and ehrfacSv ^ pSoaa covers the pelvic b^mi 

and isi^veifed^ tiiireterf th© Vessel^ the depm, im lhe^^ 

iliaft/cdiok^im'th^delt;::^^ .Shd; spermaric; vre^' 


■^^ext^t^:; 
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from the contiguous inargins of these vertebrse. . It forfes -ii? fliend^r ^ _ 

its margins blending with the fascia covering the -psoas ais^hs/ and is toerteff by 
a narrow tendoii into the middle of the ilio-peotineal line and the iho-pectine^ 
eminence. 

The iliacus musole arises mainly from a horseshoe-shaped origin around the 
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margin of the iliac fossa ; it haa an additional origin also from the anterior sacrc^ 
iliac and ilio-lumbar ligaments. It is a fan-shaped mijsole, itft; fibres pai8^g d,own-V 
wards over the hip-joint towards the small trochanter of -the femur. It is 
(1) into the outer side of the tendon of. the psoas ; (2) into the epneaye anlieript . 
surface of .’the small trochanter; and <3), by its most <gct6rh^I fibreBi ^ 
sule of the hip-joint. These fibres are often -ieparste, forming the 
ilio-calAularis. The muScle occupies the false pelw s^ Soares 
forms the back wall of the^ false jgelvis, cevered anteriorljr by the ijla©:^ 



in;COnfcq,bt mth tlie 0^um on the right side and the iliac colon on the leftside. 
The psoas muscle lies ^long its inner border, with the anterior crural nerve in the 
inferval between them. 

After j&flsing beneath Poupart’s ligament, and over the capsule of the hip-joint, 
the muscle occupies the outer part of Scarpa’s triangle, internal to the surtoiius and 
rectus femoris muscles. • * 

The pectineus arises from Ihe sharp anterior portion of the ilio-pectineal 
line of the pubis, and (sometimes) from the triangular surface of the pubic 
bone in front of this. Forpiing a broad muscular band, il* is directed obliquely 
downwaifle, backwards and outwards,^ to be inserted into the upper half of 
the line leading from the smalj. trochanter of the femur to ^the linea aspera ; 
its lower attachment being placed in front of the insertion of the adductor brevis 
muade ** » 

Tne pectineus forms a part of the floor of Scarpa’s triangle. Covered by the 
Dubjp pdttion of the fascia lata, it is partially concealed by the femoral vessels and 
the insertion of the ilio-psoas. It lies in front of the pubic bone, the obturator 
externus and adductor brevis muscles, and the superficial part of the obturator 
nervfi? Its outer border is separated from the psoas by the internal circumflex 
artery. Its inner border is in contact above with the adductor longus: separated 
from ft below by the deep femoral vessels. The muscle may be occasioTially divided 
into inner and outer parts, the former innesvated* by the obturator, the latter by 
the anterior crural nerve. 


THE MUSCLES ON THE INNER SIDE OF THE THIOH. 

The muscles on the inner side of the thigh include the adductors of the femur — 
the adductor longuS) adductor brevis, and adductor magnus : the gracilis, and the 
obturator externus. 

’The gracilis muscle is a long flat band placed on the inner side«f the thigh 
and knee. It arises by a linear origin from the lower half of the edge of the 
symphySiS pnbis, and for a similar distance from the adjoining part »i the pubic 
arch. Its flattened fleshy belly passes down on the inner of the thigh lio 
the knee, where it ends in a tendon, inserted into the inner side of the shaft of 
the tibia just below the inner tuberosity, behind the sartorius and above the semi- 
tendinosus. It is separated from the sartorius tendon by a bursa, and beneath its 
tendon is another bursa common to it and the seihitendinqgqs. 

The gracilis is superficial In its whole extent, ,, Its deep sujjface covers the 
borders of the adductor Ibngus and adductor magnus muscles, j fl wa ll as the super- 
ficial part Uf the obturator nerve. At the inner side of the knee ^it lies between 
the eartbrius and semitqpdiuosus. • 

The atlductbr longus is a triangular muscle arising by a rounded t^don im 
the angle: between the crest and symphysis of the pubis. Extemding downwards 
and outnrsrde/'it w into the middle two-fourths of the flnea aspera. 

Lying in >t% sa^b phine as the pectineus, the adductor tengus is in contact ^th ' 
its ori^, but is separated from it ^jelow by an interval through 
whibh- the . pass- Ite inner border is m contpot, with , ^ 

Its antmcff surface forms part ofr tha 

Ica^pa^^teten^^ a the floor of Hunter’s canal belOWi It is oq^ered:; 

neainftriw^ilnft^ h^ thP femoral vessels, and is conneoted^^^te^^ 

the 'the v^ apbneutetic expartnon: of fascm^ 

the>^^^he)^forihteg the^^ir Its posterior; surfaae>i^^ 


m 
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trochanter of the femur to the linea aspera, and to the upper fourth of the linea 
aspera itself. ' V V 

The adductor brevis is the central muscle of the adductor group. It is almost 
wholly concealed by the peotineus and adductor longus. It rests upon the 
adductor magnus; at its upper border is the obturator externus, separated from 
it by the internal circumflex artery ; at the lower border is the adductor longus, 
separated by the deep femoral artery. It separates the superficial and deep parts 
of the obturator nerve in their course down the thigh. 


Obtumtor iiervt 


Pubis 
Psoas maonus 


Brnnuh to liiyi-joint 
Deep bnindli 
•Suporficial branch- 
UeHcending zimscuhtr branohos- 
PECTIKKUS' 

AMCciiding branch to obturator, 
extern us 

Internal circumflex artery 


Aomrc/roit long us. 

< 

ADDXTCTOR rJUKVIH 

Cutaneous brancli. 



GLUTJSUB MAXIMUS ^ 

> Pelvic fascia 
Obturator internus 


jObturatou extern 

t 

Ischium 

Ascending branch to digital fossa 
of femur 

Quadratus femoris 
•Internal Circumflex artery 
Descending muscular branches 
Adductor maonus 


-Uranch to knee-joint 


Braiu'.h to femojiil artery 


Gracilis 


Fig. 2ii4, — Scheme of the Course and Distrihution of the Obturator Nerve. 


The adductor magnus, the largest of the adductor group, is a roughly tri- 
angular inuscle'^ariBiug by a curved origin from the lower part of the outer border of 
the ischial tuberosity and the edge of the pubic arch, its most anterior fibres Rising 
between the obturator externus and adductor brevis. Its upper fibres are directed 
horizontally outwards from the pubis towards the upper part of the femur; the 
lowest fibres are directed downwards from the iscliial tuberosity to the internal 
condyle of thp femur; while<the intermediate fibres radiajie obliquely outwards and 
downwards. «^The muscle is inserted (1) into the space below the inprtiou of 
the quacji'attis fenioris, above the linea aspera; (2) into the whole length of the 
linea aspera; (3) into the internal supracondyloid ridge of the femur; and (4) 
into the internal condyle of the femur. The part of 4he muscle attached to the 
space above the lineai aspera is. often separated from the .rest as ^the ^dductor 
minimus. The attachment of the muscle into the supraeoiidyloid ridge is interr 
rupted for the passage of the femoral vessels to the popliteal Space. The attachment 
to the internal condyle is by means of a strong tendon which, receives the fibr^- 
arising from the iscluum (the part of the muscle associated with the hamstring, 
group). This, tendon is closely connected with the internal l^te^l ligament:^ 
knee-joint. 

The adductor magntis intervenes between the other adduotoy muscl^ 
and the hamstring muscles behind. It is concealed anteriorly 
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OniOIN OF HAMSTRING 
MtSCLES 


Adductor maonus 


Obturator intrrnus 

AND OEMELM 

Obturator kxtbrnus 

QuADBATUS FEMOUIS 


Gluteus maximus, 
(insertion) 


Gracilis 


j Adductor brevia, addtfctor loogus, and aartorius. The deep femoral artery liea on 
, it above. * It forma the floor of Hnnter’a canal below, where the femoral veasels lie 
upon it. The hamatring 
muaclea an^ great aoiatic 
nerve are behind the ad- 
ductor magnua; the ob- 
turator externuB and 
quadratua femoria are at 
ita upper border ; and along 
ita inne/ border ^are the 
gracilia and aartorius 
muscles. ,* 

obt\inator ex- 
ternw is a fan-shaped 
tqus^e Jjdng horizontally 
in the angle between the 
' hip bone and the neck of 
the femur. It mrises from 
the /inferior half of the 
margifl of the thyroid 
foramen and the corre- 
sponding portion of the 
outer surface of the ob- 
turator, membrane;* Its 
fibres converge towards the 
great trochanter, and end 
in a tendon which, after 
passing below and behind 
the hip -joint, is inserted 
into the digital fossa of 
the great trochanter. The 
inferior 'nutface of the 
«uuscle is in contact with 
the pectineus, adductor 
brevis, and adductor mag- 
•nus muselea, separated 
from them by the internal 
circumfl« artery. The 
superior surface is in con- 
tact with the obturator 
membriuiiB and tho neok,o| 
the femur. The ; tendon 
lies below and^behind the 
capsule of the hip^ joint, 

and 'nearVits insertion ^ 

Fw. 26S.— Tmt POgTBBIOB SUBPACB OF THB Taioa ((ii^poracu|.l 
appeal^* to innscler»iiioVe.n.« .i 

(beneath;;.;; 

niarimUifj. between the inferior gemellus and quadnatus femoria niusolea, ^ . 


Popliteal veasels 


SEMlTENDlNOSfl 

Semimembranosus 

(iusertioii)' 

GrACILTS' 


Sartorius 



Bickph (short hearl) 


Biceps (long hwitl) 


Gastrocnemius (outer 
head) ^ • 


nnts^» the teniPM* 
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the ilio-tibial band), and partly into the gluteal ridga TKe fascia lata receives 
the whole of the superficial fibres of the muscle and the upper half of the deep 
fibres. The lower half of the deep portion of the muscle is inserted for the most 
part into the gluteal ridge ; but the lowest fibres of all are inserted into fascia lata, 
and are thereby connected with the external intermuscular septum and the origin 
of the short head of the 'biceps. 

The gluteus inaximus is the coarsest and heaviest muscle in the body. By its 
weight it helps to form the fold of the nates. It is superficial in its whole extent. 

' , The gluteus medius is visible 

at its upper bordSr, covered 
by the fascia lata ; at its 
lower bof der the hamstring 
muscles and^ great 
nerve appear on thmr way 
down the thigh, Tfie musQle 
conceals the bpnes from 
which it arises, along with 
the great sciatic ligament, 
the ischial tuberosity, and 
the great trochanter. It 
also conceals the gluteus 
medius and pyriformis, with 
a branch of the gluteal 
artery* between thpm ;c the 
obturator internus and 
gemelli, with the sciatic 
vessels and nerves, the pudic 
vessels and nerves, and tke 
muscular branches of the 
sacral plexus above them, 
and the obturator externus 
and a branch of thfi internal 
circumflex artery belowr 
them; the quadrat us femoris 
and upper part of the ad- 
ductor magnus, with the' 
internal circumflex artery 
between them. It covers 

the origins of hamstring muscles, and by its insertion into the fascia lata, the 
vastus externus. The first perforating artery pierces the attachment of ^ the 
muscle to the gluteyj ridge. Three bursse are beneath it ; ,one (not always present) 
over the tuberosity of the ischium, a second over the outer side of the great 
trochanler, and* a third over the vastus externus. The fibres of the gluteus 
inaximus arising from the coccyx may form a separate muscle (agitator caudae). 

The tensor fascise femoris (m. tensor fasciae latae), lying on the same plane as 
the gluteus maximus, arises •from the dorsum ilii external to the anterior ouperior 
spine and from thd upper part of the notch below it. Invested like t^e gluteus 
maximum* by- the fascia lata, it is inserted about the level of the great trochanter of 
the femur into the fascia, forming the iHo-tibial band. 

The tensor fasciae femoris muscle is superficially placed, and is isolated in a 
strong investment of the fascia lata, the deeper layer of which^is prolonged pp to the 
tendon of the rectus femoris and the capsule of the hip^-joint. The muscle is placed 
along the anterior borders of the gluteus medius and gluteus minimus, and cbnpeais^ 
branches of the gluteal and external circumflex vessels and- the termination pf j the^^^ 
superior gluteal nerve. The sartorius musck is adjacent to it anteriorly^ 
origin, and is i^parated below by the rectus fpmoris. r ^ 

The glutius medius arises (d) from^'the dorsum , ili^ 
crest and the superior curved line above and the middle t^rVed lifi^ 
from the strong fascia lata covering its surfEwe ahter^^ ItS iS: ^ 
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Internal xmciie ller^•e 
Nerve to obturator 
inteniua 


Superior gluteal nerve 

GLlTTKUa MKUIUH (cUt) ' 

Inferior gluteal nerve 
Pyrifoumih 


Obturator intkrnus 

AMD OKMKLLl 

Obturator kxternus 


QuADRATUS FEMOUIB 

.Great acintie nerve 
(and subdiviaioUH) 

Small Bciutic nerve 


Gracilih. 

Adductor magnus 

Hambtrimo muscles. 

(biceps) 


Gluteus maxim l’s 
(insertion) 

Adductor magmus 


inu8ole;it8 fibres convert to the great trochanter, to be inserted by a strong 
j^Oyt ttofion into A diagonal Une'on its outer surface. 

V The mugcle is covered along its anterior border by the tensor fascire femoris. Its 
surface is covered over by the fascia lata and the gluteus maximus. Its inferior 
border is separated 
from the pyriformis 
muscle by the super- 
ficial branch of the 
gluteal artery. Its 
deep surface is in 
contact with the 
gluteus miijimus, 
the ^i^teal vei^ls, 
the sup^ior gluteal 
nerve, and the in- 
sertion of the pyri- 
formis. A bursa is 
placed beneath* the 
tendon at its inser- 
tion. 

The gluteus 
minimus arises from 
the dorsum ilii be- 
tween 4he middle' 
and inferior curved 
Hnes. This museje 
is fan-shaped, and 
its fibres converge to 
the antero- superior 
angle of the great 
trochanter, to be 
inserted "into the 
tiuter border of the 
anterior surface of 

the trochanter, and . j • 

also Into the frout part of the upper border. It is also inerted into 
the capsule of the hip-joint. The muscle is concealed by the tensor fasciaj femoris 
and gluteus medius. The pyriformis is in bontact with its i nferip r border, an^ 
beneath it are the capsule of the hip-joint and the reflected fcassiBB of the rectus 
femoris iQuscle. A bursa is placed beneath the tendon in front of the great trochanter. 

yKa kyr^fA rmia is ope i^he few muBcles connecting the* lower limb to the 
axial skSlefeii. It arisen within the pelvis from the pedicle^, of the^swphd, 
third And fduiskh S^ passing outwards through the great sacro-Sciatio : 

foratUen, it i^Mveh ah additional ori^ (2) from the upper margin df the gpsst v; 
sciatic hbtok hf the mun^ In the buttock it forms a roUnded tendon, fbich , it 
iuserted^ahtdih'^ of the great »ochanter of ths fem^. . 

Thg^ appearing in the buttock, Unes the postenol wjR of : thAv^^v^ 

iMvih^ the ireelhm, cpvei»^ a thin thA - 

parieW & the buttock it is coveted by the gluteus rnaximhe, And 

at ite nppn the ilkm 

of the:top-t^h©^ 





Fro. 257. — Thk Muscles and Nbuvks of thk 
The gluteus niaxiixius is reflected ; and the gluteus incditiBis cut in part to sliow 
tlie gluteus minimus. « * 
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it internally. It is a fan-shaped muscle, the fibres of which, converging to the 
lesser sacro - sciatic foramen, give rise to several tendons which hook rj^und jih^ = 
margin of the foramen (a bursa intervening), and after traversing the buttock, unite 
together to be inserted into a facet on the inner surface of the great trochanter 
of the feipur above the digital fossa. 

In the pelvis the muscle occupies the lateral wall,, covered by ,the parietal 
(obturator) layer of pelvic fascia, which separates it from the pelvic cavity above 
and the ischio-rectal fossa below. It is separated from the contents of the pelvis, 
above by the peritoneum and extra-peritoneal fat, below by the fat in tjie ischio- ; 
rectal fossa. The internal pudic vessels an[d nerve cross it in tha outer wall of the 
fossa in a special eheath of the fascia. la the buttock the tendon is embraced by 
the gemelli muscles which are attached to its upp4r and lower margin^ The tendon, 
is crossed by the sciatic vessels and nerves, and lies upon the uppeS: and baej^part* 
of the capsule of the hip joint. ^ 

The gemelli muscles form accessory portions of the obturator internus. They* 
are two in number, superior and inferior. 

The superior gemellus arises from the gluteal surface of the ischial spine andl 
from the ui)per part of the margin of the lesser sciatic notch. Ilf is inserted into 
the upper margin and superficial surface of the tendon of the obturator injbernus 
muscle. 

The gemellus inferior arises froA the upper part of the gluteal surface of the 
ischial tuberosity and the lower part of the margin of the lesser sciatic notch. ' It 
is inserted into the Iqwer margin and superficial aspect o( the tendon of the 
obturator internus. . * ^ 

The quadratus femoris arises from the outer margin of the ischial tuberosity, 
and is inserted into the quadrate line of the femur. The muscle is placed beneath 
the gluteus maximus, and is crossed by the sciatic vessels and nerves. Its origin is 
concealed by the hamstring muscles. Its deep surface is in contact witjbi tlSe 
obturator externus muscle and the small trochanter of the femur, a bursa inter- 
vening. Ifs upper border is separated from the inferior gemellus by an interval, 
containing the tendon of the obturator externus and the ascending branj^h of the 
internal eifeumflex* artery. Its lower border is separated from the upper margin 
of the adductor^Si.;agnus by the internal circumflex artery. The muscle is not^' 
infrequently fused with the adductor niagnus, 

THE MUSCLES ON THE BACK OF THE THIGH. 

ftrt 

The Hamstring Muscles. 

♦ , «- ■ 

The muscles comprised in this series include the biceps, semitendinosus ,and 
semimembranosus. A part of the adductor magnus, already described, belongs 
morph'olomcally J;o this group. 

The Inceps fiexor cruris (m. biceps femoris) has a double origin. (1) I(s 
head arises* in common with the semitendinosus, from the lower and inner f^t 
upon thq ischial tuberoSity and from the great sacro-sciatio ligament. This head^ 
after a union of two to three^inches with the semitendinosus, forms'a separat^ fleshy; 
mass, which Extends to the lower third of the thigh, to end in a tendon, joined by 
the short hea'd of the muscle. (2) The short head arises separately (1) froih the Wholb 
length of the Unea aspera and the upper two-thirds of the external supracondylcafl 
ridge of the femur, and (2) from the external intermuscular septum- for > bprr^;, 
sponding extent. Tlib upper limit of its origin is sometimes blended with tile 
in^rtion of the lowest fibres of the gluteus maximua The fibres of the short h^fl, 
directed downwards, join the tendon of the long hea4, and the muscle is 
(1) into the head of the fibula by a strong tendon, split into two parts By the 
external lateral ligament of the knee-joint, an^d (2) tdong its pMtenor te 
tralSiBverse'aponeurotic fibres which connect ti^e tend&n' with the^^pUteal ip#^ 

At its origin the long head of the biceps ^ concealed by the gl,ut^uf 
In thfe* lower two-thirds of the thigh it is su^flcially placed, 'mth %e^j^fl^ 
nosus and semimemhranoEps on ijis inner side^ It eonceals the g];Bwt' 
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■I thQ origtns of the semimembranosus 
: dnd the short head of the musele. 
bouhdarjr' of the popliteal space, and 
partially conceal the outer head of 
the gastrocnemius. 

The short head may be absent : 
there ^may be an additional origin 
from 'ischium or femur ; and the 
long head may send a slij^ to the 
gastrocnelaius or^ tendo Achillis 
(tensor fasciae suralis). > 

The semitendinosus arises, M 
comi||Dn ■with'the long head of the 
bioep^from the lower and inner 
f%oet, u^n the ischial tuberosity. 
Separating from the common tendon 
* after a course of two or three inches, 
the muscle fpRus a long narrow 
band which becomes tendinous in 
the iniddle third of the thigh. 
Passing over the inner side of the 
knee, it spreads out and becomes 
membranous, and is inserted into 
the.dnngr side of the shaft of the 
tibia just below the internal tuber- 
osity, below the gracilis and behind 
the sartorius. A bursa separates it 
from the sartorius in front, and 
another, common to it and the 
gracilis, lies beneath its insertion. 

The origin of the muscle is 
concealed *b^ the gluteus maximus. 
4!n the back of the thigh it is super- 
ficial to the semimembranosus ; and 
at the inner side of the knee the 
•tendon lies behind that of the 
^acilis. It fomis one of the inner 
boundaries of the pqpliteal space. 
The beUy of the muscle is marked 
by an obliflue septal intersection, 
about its middle. v , 

The semunembrahosus arism 
by a teiidoh the upper and 

outer facet dh tliibi^bi^ tuberosity. 
In the, upper third dl the thigh the 
tendon ^iyee ^kce, to a rounded 
fleshy; b^minjg; ten-, 

dinous at the 'back hfr sthe knee,; 

mserted 

. ^ooye::;ett;?^bhe:j^fci:^^^ -vipiner': 

' ■ tubmb^y 


. msertiom 


and quadrates femoris, the adductor magnus. 
The united heads assist in forming the outer 


IA'bifokmis 


Gn.tcTLis 


ABDUirroit magnus 


Semitendinosus 


^Semimembranosus 


Sartorius tendon- 
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The tendon of origin is concealed by the gluteus maximus, and immediately 
beyond the iscliiuin it is grooved by the common origin of the . long head of ^the 
biceps and seinitendinosus. In the back of the thigh it is covered I^ylihe semi- 
tendinosus, and lies upon the adductor magnus and great sciatic nerve. It forms 
part of JbliG inner boundary of the popliteal space, and conceals the popliteal 
vessels. Its tendon passes over the inner head ^of the gastrocnemius on its way 
to its insertion. 


Nekve Supply of the Muscles op the Thioh and Buttock. 
Tlic ijinervatioii of the muscles described alx^vfe is given in the followin^^ table 

" 4 - 


Muscles. 

Pectineus . 

Sartorius . 

Iliacus 
Psoas 

Quad rice j)S extensor 
Vastus externus 
Pectus femoris 
Crureiis . 

Vastus iiiterniis 
Tensor fascite feinorii 
Glutevis minimus 
Gluteus medius 
Gluteus maxim us 
Biceps (short head) 

Pyritbrmis 
Adductor longus 
Gracilis . 

Adductor brevis 
Obturator externus 

Adductor magnus 

Semimembranosus 
Sem itei idiii^jSTiis 
Biceps (loiii^t*ad) 

QiVidratus femoris and inferior 
gemellus 

Superior gemellus and obturator 
intenius 


Nerves. 


[•Anterior crural 


jSuiierior gluteal . 

Inferior gluteal 
Peroneal 
Sacral plexus 

|obturator 

( Obturator 

1 Nerve to hamstrings 
hNerve to hamstrings 

Gacral plexus 


( Origin. 

L. 2. 3. ^ 
L. 2. 3. 

L. 2. 3. 4. 
L. 2. 3. 4. 
L. 3. 4. 

L. 3. 4.. 


L. 4. 5. S. ]. 

L. 5. S. 1.^2. 
L. 6. S. 1. 2. 
S. 1. 2. 

L. 2. 3. 

L. 2. 3. 4. 

L. 3. 4. 

L. 3. 4. 

L. 3. 4. 

L. 4. 5. S. 1. 
L. 4. 5. S. 1. 
L. 1. 2. 
S. 1. 2. 3. 

L. 4. 5. S. 1. 
S. 1. 2. 3. 


Action of the Muscles op the Thigh and Buttock. 

Most of the above rnuscles act on the jielvis and on the hip- «and knee-joints. The psoas 
mnscre acts in addition on tlie vertebral column. 

1. M&v^menty^'at the Hip-Joint. — The movements of the thigh at the liip-joint are Hexiou 
and exteusiop, addiction and abduction, internal and external I’otation. The following table 
gives the muscles producing, these movements : — 


( Flexion and Extension. ^ ^ 

c ■ 

Sartorius 

Gluteus maximus 

Iliacus 

„ medius 

Psoas 

„ mijiimus^ 

liectus femoris' 

Biceps ' 

Pectineus 

Seinitendinosus ^ 

Adductor longus 

Semimembranosus 

Gracilis 

Adductor piagiiiis 

j Obturator externus 










b. Adduction and Abduction. 


Pectineus 

Adductor longus 
„ brevis 

„ magnus 

Gracilis ^ 

Quadratus femoris 

Gluteus maximus 
(lower fibres) ^ 

. ■ ^ ■ J 

* \ 

Tensor fascia femoris 

Gluteus medius 

Gluteus minimus 

Obturator externus » 

Pyriformis 

Obturator internus 

Geinelli 1 during 

Sartorius -* ^ flexion 

Gluteus maximus 
(upper fibres) 

i 

- f 


^ ^ c. Internal Rotation and External Rotation. | 

Tensor fascia femoris 

Obturator externus 


Gluteus medius (anterior fibres) 
„ minimus „ „ 


Gluteus maxim us (lower fibres) 
Quadratus femoris 
Gluteus medius 1 (posterior 
„ minimus /fibres) 

(oxtenuoji 

Sartorius 
Ilio-psoas 
Pectin eiis ^ 

Adductor longus 
„ brevis 
,, magnus 
Biceps 


2. Movements of the Pelvis on the Thigh. — It is to be noted that the several movements 
tabulated above refer to the movements of the femur at the hip-joint. The conti^action of the 
same groups of muscles produces similar movements of the pelvis on the lemur, exemplified in 
the various changes in the attitude of tlie pelvis in relation to the thigh and tjie vertebral 
column, ’vWiiclj^ occur in locomotion. » < 

^ 3. Movements at the Knee-Joint. — ^Thc movements at the knee-joinjsmre mainly flexidn 

and extension. Flexion is much more powerful than extension. There is also a limited amount 
of rotation of the tibia."" The movements are produced by certain of the muscles described above, 
associated with certain of the muscles of the leg. « 


a. Flexion and Extension. 

b. Rotation inwards^and Rotation ontwarde. 

Sartorius ♦ 

Gracilis 

‘Semitendinosus 
Semimembranosus 
■ Biceps;' ■ 
Giastrbcnemigs 
Plantarift 

Popliteui 

Quadriceps extensor 

• ■ .... 

-r—i ■! ^ 

. Sartorius 

Gracilis 

Semitendinosus 

Semimembranosus 

Popliteus 

nr" ' 

flexor cruris 

t 


AND MUSCLES OF THE LEQ AND F0O!t 
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Extensor phorbiits hallooip. 
Anterior tibial nerve und 
(loitiiuliH [ledis artery 
Extensor eonoos DioiToniTai 


rEUONFAJS TEHTIUS- 


Fibnla 

InterfisstM.)us (^aleuneo- 
listraiituluid ligament' 


Calcanenni 


Peroneus brevis- 


External annular ligament 

PERa ,’EUfl ia->ngus 


ABOUCTOK ihlNIMI OIOIT 



’Anterior annular ligament 
■Tibialis anticus 


•Tibia 


■Astragalus 


■Tibiaj.ts posticus^ 

Internal annular 
ligament 


lateral patellar ' ligaments. Passing down the leg, the fascia blends over the 
inner surface of the tibia with the periosteum of the bone. It extends round 
the outer side of the leg from the anterior to the internal border of %he tibia,, 
binding together and giving origin to the muscles, and gaining, an attachment to 
the lower part of the shaft of the fibula. Two septa pass from its deep surface; 
one septum is attached to tl^e anterior border of the fibula, encloses the musculo- 
cutaneous nerve, and separates the extensor from Ahe peronei muscles. The other 
septum is attached to the posterior border of the fibula, and separates the peronei 
from the flexor muscles. From the last-named septum another extends across the 
back of the leg, ibrnls a partition between the superfimal and deep flexor* muscles, 
and encloses the posterior tibial vessels (and nerves. It gives ‘rise to subordinate 
septa attached to the vertical line of the t^bia and the oblique line of the fibula, 
which separate the tibialis iiosticus muscle from ""the flexors of the toes on either 
side. 

At the ankle the deep fascia is strengthened by additional transver^s nores; 

it is attached to 
the . malleoli and 
the os calcis, and ' 
giVes rise to the 
annular ligaiments. 

The internal 
annular ligament 
stretches between 
the internal mal- 
leolus a«nd 'the 
tuberosity of the 
os calcis. While 
it is continuous at 
its upi)er bordl^r 
with the general 
investment of the 
deep fasqia of the 
leg, it is chiefly 
formed by thrf 
septal layer cover- 
ing the deep mus- ^ 
cles on the back * 
of the leg. It 

V sometimes gives 

insertion to tSe^^iiuntaris muscle. It is continuous below with the plantar fascia, 
and gives origin to the abductor hallucis muscle. It is pierced by the calcapean 
vessels and nerve. Along with the posterior tibial vessels' and nerve, the tendons 
of the riiiialis ipnsticus, flexor longus digitorum, and flexor longus hallucis, pass 
beneath it, ^each enclosed in a sejiarate synovial sheath. 

The external annular ligament, much smaller, is a thickened band of the 
deep fascia stretching between the external malleolus and the os calcis. It binds ■ 
down the tendons the peronei, which occupy a space beneath the ligament, lined, 
by a single synovial membrane. ^ 

The anterior annular ligament is in two parts. An upper band, broad and 
undefined at its uj)per and lower borders, stretches across the front of the ankle ; ; 
between the two malleoli. This band binds down to® the lower end of the tibii' 
the tendons of the tibialis anticus and extensor muscles of t|je toes. One vynoviatk 
sheath is found beneath it, surrounding the tendon of the tibialis anticus. . ; * ■ ; 

On the dorsum of the foot,‘ where the general covering df deep fasdia is 
thinner, a special well-defined band stretches over the extensor tendons.^^^^^ 
lower band of the anterior annular Ugament* (fundiform or lambdpid Ugamehfe)f;^^ ( 
hJts'* an attachment externally to the greater process of the t os ^ calcis^ 
into two bands as'it passes inwards* over thb dorsum of tho foot^an^^^4^^ 
which* joins the upper ligament and is attiibhed to the internalki^^ 
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which passes across the dorsum of the foot, and joins the fascia of the 
border. Btoeath this ligament are three special compartments 
witn separajip synovial sacs, one for the tibialis anticus tendon, a second for that 
ot the extensor ‘proprius hallucis, and a third for the extensor longus digitorum 
and peroneus tertius tendons. There are occasionally othei; additional bands of the 
deep fascia passing like the straps of a sandal across the dorsum of the foot. 

Thp plantar fascia is of great* importance. In the centre of the sole it forms 
a thick triangular band, attached posteriorly to the tuberosity of the os calcis. It 
spreads oi^ anteriorly and separates into Jive slips, which are directed forwards to 
the bases of the toQs. These slips as thej separate are joined together by ill-defined 
bands of transvers^ fibres, which •constiiute the superficial tranSverse metatarsal 
ligament. Th^slip^for each toe jbins tie tissue of the web of the toe and is 
contiStapuB witlt the digital 
sheath^ ^n each side of the 
tog a*band of fibres is directed 
forwards, to be attached to the 
'isideof the raetatarso-phalangeal 
articulation and lihe base of the 
first phalanx. 

This central portion of the 
plantar fascia assists in preserv- 
ing "the arch of the foot, by 
drawing the toes an^ the os 
calcis together. 

On each side it is continuous 
with a much thinner layer 
which covers the lateral muscles 
of-4he sole, and joins the fascia 
of the dorsum of the foot at 
each border. It also gives rise 
to interniuscular septa, which 
pass* upwardsi on each side of 
the flexor brevis digitorum, 
enclosing that muscle in a 
separate sheath, and giving 
Investments on either side to 
the abductor muscles of the 
great and, little toes. At the 
outer border of the •foot the 
calcaQeo -metatarsal ligament, 
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a thickened band of the fascia, connects 
tuberosity of the os calcis. with the base of the fifth metatarsal bhne. 

The dij^tal sheal^, though smaller, are the same in arrangemenfcas those^pf the 
fingers Vagioall are present in relation to the first a^d second 

phalange^ V . 


.THE MUSCLES OF THE LEG AN» 


FOOT. 


The misscles^^^O^^^ foot are diviable into three series:: (1) li^e fixtensor 

mu^lea on; th^ the leg and dorsum of the foot ; (2) the;;peroh«?:ph ; thi 

out^: ^d6- of : (% the flexor musete^ 

sole' of 'the foot:'' ’■■■;■ '' * ■ 'V-; ' ' -v' 
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a strong tendon which passes over the dorsum of the foot, to be inserted into the . 
internal cuneiform and the base of the first metatarsal bone. ‘ ^ , 

The muscle is superficially placed along the outer side and front ^pf the tibia; 
internal to the long extensors of the toes and the anterior tibial vessels and nerve. 
Its tendon occupies spepial compartments beneath both upper and lower parts of 

the anterioie annular ligament, enclosed in a 



separate synovial sac. 

The tibio-fascu^lis anticus i» a separated portion; 
of the muscle occasionally present, inseried into the 
fascia|oii the dommi of the ioott 

liie extensor longua' di^torum arises 

from the outer side of the exfternal tu^.osity . 
of the tibia, from the upper two-thir^^r more 
of the anterior surftice of the fibula, fro^n the 
fascia over it, and from intermuscular septa oii 
either side. It gives rise to a tendon wliich* 
passes beneath the anterior a^mular ligament, 
and in front of the ankle divides into four 
tendons, inserted into the four outer toes, 
‘exactly in the same way as the corresponding 
tendons in the hand (see p. 330). They form 
membranous expansions^ on the dorsum of the 
lirst j)halanx, joined by the tendons of the 
extensor brevis digitorum, limibricales, and : 
interossei, which separate into one central and 
two lateral slips, attached respectively to the 
middle and terminal phalanges. 

The muscle is superficial, and is placed 
external to the tibialis anticus and extensor 
lu'oprius hallucis, and internal to the peronei 
muscles. The musculo-cutaneoiis nm’vo is on 
its outer side. It conceals the anterior tibid. , 
vessels and nerve. The tendon occupies a 
separate compartment along with the peroneus ; 
tertius beneath tlie lower part of the anteriof C 
annular ligament, invested by a special synovial 
membrane. ^ 

The peroneus tertius is a separated ppr- 
tion of the extensor longus digitorum. It is ; 
an essentially huma,a muscle. It arises (in- 
separably from the extensor longus digitorum) 
Irom the anterior surface of* the fibula, and S 
from the intermuscular septum external to it. y 
The tendon of the muscle is inserted into the i 
dorsal aspect of the base of the fifth li^etatarsal:^ t 
bone. It accompanies the extei^sor longus :ii 
digitorum beneath the anterior annular liga- ;^^ 
ment, and lies external to that muscle on the 2 
dorsum of the fbdt. • , ^ 2 y 


261.-Musc.E8 OP THE Fhoht op the , The exteiWOT 
' Bight Leg aho Dorsum op thb Foot. (iD. extensor halluois longus) ame?. from 

front of the fibjila in its nuddle three-fiftpi^;^ 
and for a oori’esponding extent from the interosseouis membrane. Ite^ tehdon^ 
passes over the dorsum of the foot, to be inserted into the base of the Vfernpin^ 
jJialanx ‘of the great toe. In the leg the muscle fe deeply placed hetwi^hs^^^ 
tibialis anticus and extensor longus digitdkim. It espneeals Jbeva^^ 
vessSls and neri^, apd crosses the temunatjon of the aJiteriOT tib^^ 
of the ankle jomt. It is invested byta s^i^ial aynevial as 
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; Idwef part of the anterior annular ligament. On the doreum of the foot the 
tendon is^iplaced on the inner-side of the dorsalis pedis artery. 

" 3?he extensor Ipngus primi intemodii and extensor ossis metatarsi ballads are occaeional 
separate slips of this muscle inserted into the bones of the great toe. 

The extensor brevis digitorum arises on the dorsum a( the foot from a special 
impression on the upper surface <X the greater process of the os calcis. 

It "usually gives rise to four fleshy bellies, from which narrow tendons are 
directed forwards and inwards, to be inserted into the four inner toes. The three 
outer tendons join those of the long extensor muscle to form the membranous 
expansions on theTlorsUm of the Ijpes. 'Jhe innermost tendon is inserted separately 
into the base of tha first phalanx (jf the {Ireat toe. 

The muscle is covered by the lower band of the anterior annular ligament, and 
by tOTk tendons of the extensor longus digitorum and peroneus tortius; the slip 
of the nJhscle passing to the great toe crosses the dorsalis pedis artery. 


AoDlHrrOR HALhUCIS 


. The Muscles on the Outer Side of the Leg. 

The inusclesim the outer side of the leg comprise the peronei — longus and brevis. 

The peroneus longus arises from the upper two-thirds of the outer surface of 
the fibula, from intermuscular sejita on either sidp, and from the fascia over it. 

It forms a stout tendon, which hooka round* 
the* external malleolus, crosses the outer side 
of the os calcis, an^i passing through the 
gro(A^e «n the cuboid bone, is directed across 
the sole of the foot, to be inserted into the 
internal cuneiform and the base of the first 
metatarsal bones. The muscle is placed super- 
fi?Sally in the leg, betfl^een the extensor longus 
digitorum and peroneus brevis in front and 
the soleus and flexor longus hallucis behind. 

It partially conceals the peroneus brevis, along 
with which ^t passes beneath the external 
"t-nnular ligament, invested by a common 
synovial sheath. As it enters the sole of the 
,foot a. fihro-eartilage Vi formed in the tendon, 
which plays over a smooth tubercle on the 
cuboid bone, a bursa intervening. In its pas- 
sage across tbe foot the tendon is enclosed 
in a fibrous sheath derived from the inferior 
oalcsneo-cuboid ligaments and the tibialis 
posticus tendon, and is ooncealed by the first 
three layers of tho muscles of the sole, 

Tlie ^eroBBus . brevis arises from the 
lower two-thirds of the outer surface of the 
fibula, and fro intermuscular septum 

along h^ anteiiof^ b^ Its tendon passes , t ^ 

biTOi!; the beckVOf ^ the ■ external malleifius and the Outer side of; the. ofi calcis,'. tp be; i;- 
iibsi^ljed i^^ In the leg the ^fenesh^^^ 

tha digitorum and pSroneus tertius. and ia frbnt of the ; 

: The tendon liiM directij^behi^ 

’ eitOj^aiinafitolhs beneeth; the^ 
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inuscle of the leg), and the plautaris ; and (2) a deep set, consisting of the popliteus, 
flexor longus digitoruin, tibialis posticus, and flexor longus hallucis. \ 

The gastrocnemius arises by two heads, inner and outer, means of 
strong tendons (prolonged over the surface of the muscle) from the lateral surface 
of each condyle of the femur and from the back of the cai)sule of the knee-joint. 
A bursa lies beneath eacfi tendon of origin. Each IJeshy belly of the muscle is inserted 

into a broad membranous tendopji^ pro- 
longed upwards on its deep surface for 
some dista^ice. The inner head is the ‘ 
larger. ^ 

Tftie tendo Achillis is formed by the 
unioh of the two fnembranous inser- 
tions of the bellies of the gastrocn^iius. 
Prolonged upwards beneath t^^epar- 
ate bellies, the tendon forms a broad 
membranous band connecting together 
the lower parts of the two bellies. ' 
Narrowing gradually,® and becoming 
thicker in the lower half of the leg, 
the tendon is finally inserted into the 
lower half of the posterior surface of 
the os calcis. A bursa lies beneath the 
tendon at its insertion. The tendo 
Achillis also aflbrds insertioni,. torthe 
soleus and (sometimes) the plantaris 
muscles. 

The gastrocnemius is superficial 
except at its origin. The inner he»d 
is concealed by the semitendinosus and 
semimembranosus muscles, and covers 
partially the lower i)art of the popliteal 
vessels and the tibial nerve. ‘It forms 
part of the inner boundary of ther 
popliteal space. The outer head is 
concealed partially by the biceps tendon 
and the peroneal nerve, and covers the * 
plantaris muscle, the popliteal vessels, 
and the tibial nerve. It forms part of 
the outer boundary of the popliteal • 
space. The two bellies are for ^ the 
most part in close contact, the ex- 
ternal saphenous vein occupying the 
interval between then?. The tendo 
Achillis in the lower half of the leg 
partially conceals the soleus and the 
deeper muscles. The^plantarishjbendQn 
lies along its inner border. ^ 

The plantaris arises from the ex- ;; 
ternal supra -condyloid ridge of the 
femur for about an inch at its lower end, and from thfe posterior ligament of the 
knee-joint. It forms 'a narrow fleshy slip which ends in a tendon extending down 
the back of the leg, to be inserted into the tuberosity of the bs calcis, or the tendo 
Achillis, or the internal annular ligament. The tendpn of tJie muscle is capable; 
of considerable lateral extension. The plantaris lies between the outer head of ■ 
the gastrocnemius and the soleus, and crosses j}he pophteal vessels and the 
neji^'-e. - In the lower half of the leg its tendon lies albng tl^e ihner border Of 
tendo Achillis. The muscle is not ^ways present. ® 

Tll^ soleus has a triple origin: (1) from the posterior surface of 
the shaft of the fibula in its upger thii^ ; (2) from a fibrous archi E^retching^^^^^^^^^^^ 
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; the popliteal vessels and tibial nerve between the tibia and fibula ; and (3) from 
the^ obliqyCie line ahd middle third of the inner border of the tibia. From this 
origin the iipper muscular fibres are directed downwards to join a tendon placed 
on. the superficial aspect of the muscle, which is inserted into the tendo Achillis ; 
the lower fibres are inserted directly into the tendo Achillis to within one or two 
inches of the os calcis. ^ 

201® i^^iscle is concealed by the gastrocnemius, plantaris, and tendo Achillis in 
nearly its whole extent. It is partially 
superficial on each side of« the gastro- 
cnemius and tendc^Achillis. The muscL 
covers the tibialis posticus amd th 
flexor muscles of flie toes as welPas thi 
postHlipr tibial Vessels and nerve. 



^ Xl^e aeep muscles of the back of the 
leg comprise the popliteus, the long 
•flexors of the toes, and the tibialis 
posticus. • 

The popliteus is deeply placed be- 
hind file knee. It arises by a stout 
tendon from a rough impression in front 
of ^ groove on the outer aspect of the 
external condyle of the femur. This 
tendon ^passes between the external 
semilunar cartilage and the capsule of 
the knee-joint, and pierces the posterior 
ligament, from which it takes an ad- 
dS'ional origin. A bursa is placed be- 
neath the tendon which communicates 
usually with- the synovial cavity of the 
knee-joint. The muscle is inserted (1) 
into a trlangjilar surface on the back of Pbronkub. 
4he tibia above the oblique line, and (2) 
into the fascia over it (the popliteus 
•fascia, derived from the tendon of the 
•semimembranosus muscle). The pop- 
liteus is covered at its origin by the 
capsule of the knee-joint. Posteriorly 
it is concealed by th^ gastrocnemius and 
plantaris muscles, and by the popliteal 
vessels and tibial nerve. ^ Its lower border 
corresponds ; to the point of bifurcation of 
the popliteal artery and the origin of the 
soleus inuscle^* 
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THE MXTSeXTLAB SYST?^^ 

The lumbricoles axe four small muscles arising in association with the tendoiis , 
of the flexor profundus digitorum in the sole. The first muscle arises a single 
origin from tho tibial side of the tendon of the flexor longus digitorji^ for the 
second toe; the other three arise by two heads from the adjacent sides of all four 
tendons. , Each muscle is inserted into the dorsal expansion of the extensor tendon, 
the metacarpo-phalangeal articulation, and the ba^e of the first phalanx, precisely 
as in the case of the lumbrical muscles of the hand. Each muscle passes forw£Lrds 
on the tibial side of the corresponding toe, superficial to the transverse metatarsal 
ligament. ^ l 

The accessorius muscle (m. quadrate^ plantse) arises by tvo heads: (1) the 
outer tendinous head springs from the outjr border of the inferior surface of the 

<5s calcis ; (2) the inn^r head^ which 
is fleshy, arises from the vi^ner 
border of the under surfa^?fof the 
os calcis. The long plantar iiga- 
ment separates the two origins. 
The two heads unite to form a ' 
flattened band, which is inserted 
into the upper aspect of the tgndons 
of the flexor longus digitorum, and 
usually into the tendons destined 
for the second, third, and fourth 
toes. , 

In the leg the flexor # longus 
digitorum lies at first internal to 
the tibialis posticus, and is par- 
tially concealed by the soleus and 
tendo Achilli^. Its tendon crosses 
over the tibialis posticus above 
the ankle, passes beneath the in- 
ternal annular ligament, invested 
by a special synovial •‘sheath, and 
below the ligament crosses the^* 
plantar or superficial surface of 
the tendon of the flexor longus 
hallucis. As it passes over this ^ 
tendon it receives from it a special 
band of fibres usually associated 
with the tendons for the second 
and third toes. , 

In the sole of the foot the tendons 
of the flexor longus digitorum, 
along with the luenbrioales and 
"Cr and the »enor longu»: 

halluois, constitute the second layet 
of muscles of the sde. Thdy are placed between the abductors <5f the gi^t and 
little toes an'd the flexor brevis digitorum on the one hand, and the fley.or breyi?; 
and adductors of tho great toe on the other. ' 

The flexor lon^s hallucis arises on the back of the leg from the lower twp^ 
thirds of the posterior surface of the fibula, from the faScia over it, and from intern- 
muscular septa ou eilSier side. Its tendon passes beneath the internal 
ligament enclosed in a special synovial sheath, and after grooving the back of the. 
lower end of the tibia, the astragalus, and the under surface Of the sustehtacnlunii 
tali of the os calcis, it is directed forwards in the sole of the foot, to be inserted into ^ 
the base of the terminal phalanx of the great toe. 

^he m'uscln is partially concealed in the leg by the soiehsr add tendo d^ebi^- ; 
It lies at its origin between the tibialis postidiis and the peron.ei inuscledi^sepam^^^ 
from the former by the peroneal artery. In the -foot; concealed' ^ 
hallucis, it crosees over, the d^p aspeot/of the tendon of theA flexdr^ 1^^ 
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which it is connected hj a strong fibrous band destined for the 
tendons *^or the Second and third toes. At the root of the great toe the tendon 
occupies tjje interval between the insertions of the flexor brevis hallucis. 

The tibialis posticus muscle (m. tibialis posterior) has a fourfold origin in the 
leg. It arises (1) from tlie middle three-fifths of the shaft of the fibula between 
the oblique line and the interosseous border; (2) from the* middle third of the back 
of the tibia between the vertical line and the interosseous border; (3) from the 
interosseous membrane ; and (4) from the fascia over it and the septa on either 
side. The muscle gives rise to a strong tendon which phssesi beneath the internal 
annular ligament^ invested by a special synovial sheath, and grooves the back of 
the internal malleolus, on its way to thl inner border of the foot! Its tendon then 
spreads out apd is* inserted by thlee bajds 
intlS|Q)'the naticular and internal cunei- 
form olives, (2) the second, third, and fourth 
metatarsal bones, the middle and external 
cuneiform and the cuboid bones, and (3) 

* by a recurrent slip into the inner border of 
the ^uStentaciflum tali of the os calcis , 

(.Fig: 262).^ 

In the leg the tibialis posticus is con- 
cealed, as it lies on the interosseous mem- 
brane between the tibia and fibula, by the 
superficial muscles ajid the posterior tibial 
vessels •and nerve. It lies between the 
flexor longus hallucis and flexor longus 
digitorum, and is crossed by the tendon of 
the latter muscle just above the ankle. In 
the foot its tendon fs covered by the long 
flexor tendons and by the short flexor 
muscles of the great too. The tendon is 
in contact with the inferior calcaneo- 
navicular ligament in the interval between abducjtor 
♦ the sustentaculum tali and the navicular 
bopA 

* Tlie peroneo-calcaneus muscle, wlieii present, 
arises from the fibula, and is inserted into the os plawtah 
calcis. 


Fluxou 

UJNHITH 

riAixuois 




Abductor 

UAL 1 .U( 31 H 

F1.BXOR 

nBKVIS 

DK 41 TOIitUft 


i 


Plantar vascia 


Thb Muscles IN THE Sole of the Foot. 

The- muscles iu the -.Bple of the foot are 
diviaihle into four layers placed beneath 

flexor Fio. 266 .— Thk JfospMts or * 8 * Rioht Poor 
. - Abductor hauUOW, flexor (after romowl jtf the plantar fasci#). 

brevis di|®iiborum, abductor mininu digitL 

Luinbrioales and accessopiHB. togetHer with^ the tendotis bf tho 
;flexbr ld;i^B-haUheiB.and flexor longus digitoruin. * e ^^ ' 

great tbS, and flbs-br 

i ^ <Mtoin (l^b gTBsiier'vtaib^ioj)^:: 

ojt the sole, its tendon is iinerted, 
;the inner «dde:<>f the ^t phahuu^. 
intend 


362 


THE MUSCULAR SYSTEM. 


Adductor 

transvkhsi.'s 

H.ALLVC'IS 


TNTKROa.SKl 

Flexor 

BREVIS MINIMI 
DICUTl 


the thick central part of the plantar fascia which covers it and the intermusculaiv . 
septa on either side. Passing forwards, it gives rise to four, slender tendoif^, which 
are inserted into the second phalanges of the four outer toes, after having beeur 
perforated, just as in the case of the tendons of the flexor sublimis cligitorum of 
the hand,^ by the long flexor tendons. Placed in the centre of the sole beneath 
the plantar fascia, and between the abductor halli^cis and abductor minimi digiti 
muscles, it conceals the second layer of muscles and- the external plantar vessels 
and nerve. 

The abductor mfeiiml digiti (m. abductor digiti •quinti) has also a double ' 
origin: (1) from both tubercles on the tuberosity of the os calpis, and (2) from 
the plantar fascia And calcaiieo-meta tarsal /gament. It lies along the fifth meta- ' 

I ^ tarsal bon'e, and is inserted, 
into the outJijr side 
first phalanx of the toe. 

It partially conceals theflexor 
brevis minimi digiti, and lies 
on the outer side of the ‘ 
flexor brevis fligitorum. 

The tendons of the long 
flexors of the toes, the 
luinbricales and accessorius 
muscles, constituting the 
second layer of muscles, have 
already been described. 
Lying beneath the abductor 
hallucis and the flexor brevis 
digitorum, and separated 
from them by the plantar 
vessels and. nerves, they 
occupy the hollow of the 
tarsus and the space between 
the first and fifth metatareal 
bones; their deep surfaces ♦ 
arc in contact with the ad- 
ductors of the great toe and 
the interossei muscles. 

The flexor brevis hallucis 
arises (1) from the inner sur- 
face of the cuboid bone, and 
(2) from the tendon of jihe 
tibialis posticus. Directed 
forwards over the first meta-. 
tarsal bone, the muscle separ- 
ates into two parts, between 
which is the tendon of the : 
flexor longus hallucis. Eaclf portion gives rise to a tendon which' is inserted into 
the corresponding si&e of the base of the first phalanx of the great toe/ in eanh vi 
tendon, undef the metatarso-phalangeal articulation, a sesamoid bone is develop^, ■ 
The inner tendon is united with the insertion of the abductor, the outer tendon 
with the insertions of the adductor muscles of the great •toe. « 

The adductor obliquus hallucis arises (1) from the sheath of the peroneus } 
longus, and (2) from the heads of the third and fourth metatarsal bones. Occupy^; : 
ing the hollow of the foot, deeper than the long flexor tendons ‘and lunibricales,i^id:^' 
separated from the interossei by the plantar arch, it is placed on the outer side, pf : 
the flexor brevis hallucis, and is directed obliquely inwards and fprwaids, 
insefted ph the, outer side of the base of the first phalank of tbe great toe betw^een;^.^^^ 
and along with the flexor brevis and adductor transversus hallucis. 
forms^ne side of a triangular space in !the sole thro.dgH which 
plantar vessels and nerve pass. 
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Fia. 267. — Muscles oe the Rtoht Foot (after removal of the 
sec«ul layer). 
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haUucis arises from (1) the capsules of the outer 
four metatarso-phalangeal articulations and (2) the transverse metatarsal ligament. 
JDirected tjfansversely inwards, under cover of the flexor tendons and lumbricales, 
the muscle is inserted, along with the adductor obliquus (from wliich it is 
separated by an angular interval), into the outer side of the base of ^ the first 
phalanx of the great toe. ^ * 

The flexor brevis minimi digiti (m. flexor brevis digiti quinti) arises 
from (1) the sheath of the peroneus longus, and (2) the base of the fifth 
metatarsal bone. Partially concealed by the adductor ’hninimi digiti, the muscle 
passes along the :Qfth metatarsal bone, to be inserted, in common with that muscle, 
into the outer side of the base of*the fiiit phalanx of the little tee. 

The interossel muscles of the foof resemble those of the hand except in one 
^GS^ot. In tlie hand the line of action of the muscles is the middle line of the 
midd^l^nger. In the foot the second toe is the digit round which the muscles are 
groupea,and theirattach- 
ments and actions differ 

• accordingly. 

There are fcmr dorsal 
and three plantar 
muscles, which occupy 
together the four inter- 
osseous spaces, and pro- 
ject into the hollow of 
thefcfoolt. 

The four dorsal mus- 
cles, one in each inter- 
osseous space, arise by 
two heads each frou» the 
shafts bf the metatarsal 
bones. Each gives rise 
to a tendon, which, after 
passing *abo¥e the trans- 
•verse metatarsal liga- 
ment, is inserted on the 
dorsum of the foot into 

• the side of the first 

phalanx, the metatarso-phalangeal capsule, and the dorsal expansion of the extensor 
tendon. first BXidi second muscles are inserted into the second J;oe on the tibial 
and fibular sides respectively. The third and fourth iilSerted into the 

third and fourth toes on their fibular sides. 

; \he tlu^e plantar piuacles occ three outer interccseous spaces. E§.ch 

arises hy a single head from the tibial side of the third, fourth, and. fiftli metatarsal 
bones respi^tively. Each ends in a tendon which passes beneath the transverse 
metatarscd and is inserted, in the same manner as the dorsal ihuscles, into 

the third; fourth, and fifth toes oh their tibial side. * . 




Fio. 268 .— Interossrour Mdsci.ks of the Poot^ • 

A, Dorsal muscles of^he left foot ; B, Plantar muscles of the right foot. 


Nbrvb^Supply op the Musclsb op the Leg andsFoot. 
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THE Museums SYSTEM; 

Nerve-Supply of the Musolbs op the Leg and ¥ o 6 i !^ cmtirm ^,^ 


1 

! Muscles. 

Nerves. 

^ 

Origin.^ 

i Soleus 

'j / 

L. 6. s. 1 . a. 

Flexor longus digitc^rum 

Tibialis iiosticus .... 

lposterior*tiJ)ial . 1 

L. 5. S. 1. 

L. 6. S. 1. 

j Flexor longus hallucis . 

Aliductor hallucis .... 

i 1 

'V 

L. 6. S. 1. % 

; Flexor brevis djgitoram 

I Flexor brevis hallucis . 

1 internal plantar •• 

L. 4. 5. S. 1. ^ 

j First Luinbricalis .... 

Second, thiid, and fourth luinhri- 

1 / . 

0 

cales 

1 • 

0 

1 Flexor accessorius .... 

1 Adductorcs hallucis 

1 ] nterossei 

►external jdan tar 

s.,£' 

1 Flexor brevis minimi digiti . 

I Abductor minimi digiti 




Action op the Muscles op the Leg and Foot. 

Tlie iniisclcs of the kg 'and foot act chiefly in tlie movements of the ankle-joint (assiRted by 
nioveinents of the iiiter-tarsal joints) ^ of the metatamo-phalangeal joints (assisted by movements 
of tlie tarso-metatansal and inter-metatarsaf joints); and of the inter-phalangeal joints of the 
several toes. 

I. Tibio-Fibiilar Articulations. — The uj>pcr tibio-fibular articulation is only cajmble of 

slight gliding movement, occasioned by the action of the biceps and pdj^liteus and the muscles 
arising from tlie fibula. * 

II. Movements at the Ankle-Joint. — Tlie movements at the ankle-joint are movements of 

flexion and extension of the foot on the leg, along with inversion and eversion (only during 
extension). These movements are produced at the ankle, aided by movements in the inter-tarsal 
joints, and are occasioned by tlie following muscles : — ,, ^ 


a. j^iexion. 

Extension. 

b. Inversion. 

Tibialis anfricus 
ifcteiisor coiA'muiiis digitorum 
Ex tensor proj )ri ii.^i ajjucis 
Per9neus tertius 

1 

Gastrocnemius 

Plantaris 

Soleiis 

Tibialis ixjsticus 

Peroneus longus 

Peroneus breVis 

Flexor longus digitorum 
Flexor longus hallucis 

Tibialis aiiticus 

Tibialis 2>osticus 


Eversion. 

Peroneu% tertiiis 
Per«neus longifs 
Peroiieus brevis 


III. Movements of the Toes — A, At the Metatarso-Phalangeal Joints (assisted by move- 
ments at the tars^)-Tnetatarsal and inter-metatarsal joints). — These movements are flexion tand 
extension, abduction and adduction (in a line corres2)onding to the axis of the second toe). 


* t •• 

f a. Flexion. 

€ 

Extension. r 

Flexor longus fiigitorum 
Accessorius « 

Lymbri cafes 

« Flexor longus lialliicis 
• hlexor brevis hallucis 

Flexor brevis digitorum 

Flexor brevis minimi digiti 
lutercjssei ^ 

Extensor longus digitorum 

Extensor brevis digitonini 

Extensor propriiis hallucis 


b. Abduction. 

Aaductibn.*" 

{From and io the middle Hne of^the seccyn^ toe). ^ ^ 

■ Abdiictoj* hallucis ^ 

Adductores hallucis* t . 

Dorsal ihterossei 

. Planfor interossei v. 

Abductor liiinimi digiti 

ji 1 
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B. At tbe inter rphalaageal joints tlle movements are limited to flexion and extension. 


^ Flexion. 

Extension. 

Flexor brevis digitorum {acting on the first 
joint) . ^ 

Flexor longus digitorum {acting on both 
• joints) 

Flexor longus hallucis {acting on the Imllux) 

• • 

- • 

Extensor longus digitorum 

• 

Extensor brevis digitorum 

Interossei 

Lumbricales % 

Extensor pro^^rius hallucis 

• 

{acting on both 
joints) 


% ^ Movements oe theILower Limb generally. 

-T^iiaracteristic features of the lower limb are stability and strength, and botli its muscles 
and jc^ts are subservient to the functions of transmission of weight and locomotion. In the 
^taftding position the centre of gravity of the trunk falls between the heads of llic femora, 
and is located about the middle of the body of the last lumbar vertebra. It is transniittecl 
through the bones of the lower limb to the arch of the foot, where the astragalus dist]‘il)utes it: 
backwards through the os calcis to the heel, and forwards through the tarsus and metatamus to 
the balls of the toes. 

LQCOmt>tion.~-^The three chief means of progression are walking, nmniiig, and lea]>ing. In 
walking, the body and its centre of gravity are inclined forwaids, tlie trunk oscillates irom side 
to side as it is supported alternately by each foot, tlfb arms*swiug alternately with the coiTospond- 
ing leg, and one foot is always on tlie ground. The act of in*ogression is xierformed by the leg, 
aided in two ways by gravity. The movements of the leg are as follows : — ^At the beginning of 
a step, one leg, so to #2^eak, “ shoves off ; ” the heel is raised and the liml> is extended. By the 
aeffton «f the muscles flexing the hip and knee-joint, and extending the ankle-joint and toes, this 
limb is raised from the ground sufficiently to clear it, and j)asses forwards by the action of 
giavity, aided by the force given to the movement by the extensor muscles. After passing the 
Tine of the centre of gravity the flexion. of the joints ceases, the muscles relax, and the limb 
•gradually returns to the ground. The other limb then i)asses through the same cycle, the Weight 
m the body now resting on the limb which is in contact with the ground. As the foot reaches 
the ground it, as it were, rolls over it ; the heel touches it first, then the sole, and h'lstly, as the 
foot leaves the ground again, only the tocis. In running, the jirevious events are all exaggerated. 
The time of the event is dimiidsbed, while the force and distance are increased. Both leet are off 
the gi'oiwid at one time ; the action of flexors and extensors alternately is much moie powerful, so 
tHht on the dhe hand the knees are drawn upwards to a greater extent ia. th^forw’hrd movement, 
and not the whole foot but only the toes reach the ginund in the exteij^idh of the limb. The 
attempt is made to bring the foot to the ground in front of the line of the centre of gravity. At 
the same time the trunk is slotoed forwards much more than in walking. In leaping, the actions 
of the limbs are still more exaggerated. The inoveinents of flexion of the limb are still more 
marked, and the foot reaches the ground still further in. front of the line of the centre of gravity. 


AXIAL MUSCLES. 

THE FXsCIi® AND MtJSGLES OF THE BACK. 

The ‘^neral faacuil ihvestmeiitB of the back have* h^n deteribe^ (p. 

th^^ saperhcM maples aaaociateA with Hhe shoulder. The latis^Usv 
: dpi^(^i|8^e }^::^ large part frouf the 7«rtel^gral apoheUr > 

fibronSAlaroma which popceals the erector ‘spipas musole. * 
n^V^thpi the hxmbar v^ebrse Putwa^ip, 

' it is coacOThed; 

teadiooas 'oH^^pft thp: 
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THE MUSCULAR Sy^TEl£ 


nEOl'LFfl ABDOMINTH 


the iliac crest between the muscles of the back and abdominal wall. It is formed 
by the union of three fascial strata, called respectively the veiiiobrid aponettrosis!- or 

posteriojT layer, just 
described ; the 
middle and the 
anterior layers. 
The middle flayer 
is a fascia which 
stretches outwards 
from the* ends of 
the transverse pro- 
tjesses of the 
lumbar vert^xse, 
between tl^^rec- 
tor spinas behind 
and the quadratus 
lumborum muscle 
in •front. The 
anterior layer is 
attached to' the 
lumbar vertebras 
at the junction of 
their transverse 
processes, and 
bodies. It covers 
the front of the 
quadratus lum- 
borum muscle, and 
separates it from 
the psoas. At the 

outer borders of the quadratus lumborum and erector spinas muscles the three 
la;jer8 are blended together to form* the lumbar fascia, which in turn gives partial 
origin to the obliques internus and transversalis abdominis muscles. 


OULTCiUnK EXTKRXUfJ 
OnUQUDS INTEBNUS 
Tbansveksalis 

ABDOMINIS' 

Fa.sciu transversalis. 
reritoncuiu 

Colon 


Extraperitoneal 

tissue 


Kiiliiey 


Lumbar fascna. 


liATlKSlMlTS DOUSl. 


QUADllATUS LUMBORUM 



Middle layer of lumbar faaeia 

lUO-C'OSTALlS 

Vertebral aponeurosis 


—Psoas fascia 

Second lumbar 
* *^."*- *" vertebra 

— Psoas 

interior layer of 
lumbar fascia 

Multifidus 

SPINAS 

Semi SPINALIS 
DORS! 


LONOIBBIMUS DOKfil 


Fio. 269 . — Thahsversk Section through this Ahdombn, oitositb thk 
Second Lumbar Vertebra. 


THE MUSCLES OF THE BACK. 

The muscles of the li?.ck are arranged in four series according to their attach- 
ments: (1) ve^tebro - scapular and vertebro - humeral, (2) vertebro - costal, (3) 
vertebro-cranifU^ and* (4) vertebral. They are in irregular^ strata, the most 
superficial muscles having the most widely separated attachments. 

The first sefies of muscles of the back, connecting thq axial skeleton to tne 
upper iifiib, hayp already been described. They ai’e arranged in two layers: 

(1) trapezius and.latissimus dorsi, superficially; (2) levator anguli . scapul®, and 

rhomboidei beneath the trapezius. • 

The remaining muscl6s are almost entirely axial, and may be divided into four 
groups: (1) serrati postici, stperior and inferior, and splenius capitis and^ colli; 

(2) erector; spinse anh complexus; (3) transverso-spinales (semispinalis aqd multi- 
fidus spirune.) ; ‘ and (4) the small deep muscles (rotatores, interspinales, intertraii^- 
versales, and suboccipital muscles). 

‘ First Group. ^ ' v ^ 

The serratus posticus superior has a membranous origin from the ligainehtufo 
nuchae and the spines of the last cervical and upper three or four thoracic vertebra; 
It is directed obliquely downwards and outwards, to be inserted by separate; 
intp^^the second, third, fourth, and fifth ribs. The i&uscle js eoneealedl, 
vertebro-scapulaf muscles, and cross^^s obliquity the splenius, ereofor 
complexes. It lies superficial to the vertebral aponeurosis. f 

The serratus posticus inferior has ^ membranous origin thrqug^^ 






of the vertebral aponeuroffls from the last two thoracic and firat two lumbar spinous 
prot^ssOa It forms four muscular bands which pass almost horizontalh’' outwards 

1 i. ■ 1 . - -I 


to inijf^rtion into the last fotir ribs, 
from below^upwards. The muscle is on 
rbsis, and is concealed by the latissimus 
dorsi. 

The splenius muscle occupWthe 
back of the neck and upper part of the 
thoracic region. It arises as a flattened 
band from the ligamentum niichjB (from 
the level of the fo^jrth cervical vertebra 
downwards) and from the spinous pro- 
cesses of the last Wvical and Iftgher 
(fodS^to six) ^thoracic vertebroG. Its 
fibres "^tend upwards and outwards 
into 4;he neck, separating in their course 
into an upper and a lower part. The 
® upper part forms the splenius capitis, 
which is inserted into the mastoid pro- 
cess and the Outer part of the superior 
curved^Une of the occipital bone. The 
lower part forms the splenius colli or 
oervicis, which is inserted into the 
posterior tubercles of the transverse pro- 
cesses o£i the upper three or four cervical 
vertebrae behind the origin of the 
levator anguli scapulae. The muscle is 
partially concealed by the trapezius and 
sternomastoid, and appears between 
them in the floor of the posterior tri- 
angle of the neck. It is covered by 
the rhomboid muscles, levator anguli 
scapulae and «erratus posticus superior. 
Jt conceals the trahsversalis cervicis, 
trachelo-ma8toid,andcomplexusmuscles. 

Second Group. 

The erector 8piii»(m. sacro-spinalis) 
possesses vertebral, vertebra-cranial, and 
vertgbro-costal attachments. It con- 
sists of ail elongated ijiass composed 
of separated, ships exteading from the 
sacrum to; thev skulL Sinipl^ at its 
pti^, it beopmes mo^ and more com- 
plex as it is trac^ upwards towards the 
head, f Jt iuciS is (t) hy fibres from 
the ^iliae^^ 
seerp^ijisie^; 


The muscular slips overlap one another 
the same plane as the vertebral aponeu- 
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ihfes; extend; upwardaV to 
^yeif;;ief:;thb'lumb'a*:tascia,:a^^^^ 
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Internal to the insertion of each is the origin of a of the 

(m. ilio-costahs dorsi), which, arising from the lower fflx ribs internal to the ilioj- : 
costalis, is inserted in line with it by similar slips into the upper six ribs.*;. . 

The oervicalis asojendens (m. iho-costalis cervicis) arises in the same way h^ 
six slips from the upper six ribs, internal to the insertions of the accessorius. It 
forms a narrow band, w]jich, extending into the neck, is inserted into the posterior 
tubercles of the transverse processes of the fourth/ fifth, and sixth cervical vertebrae, 
behind the scalenus posticua The ilio-costahs, accessorius, and cervicahs ascendens 
form together a continuous muscular column, and constitute the outermost group 
of the component elements of the erector spinae. ' c 

The longissimus dorsi is the largest element in the erector spinse. Mostly 
tendinous on the Surface at its origin, it ifccomes' fleshy in the upper part of the 
loin, and is inserted, by an inner and an oliter series of shps, externally into n^ly 
all the ribs, and internally into the transverse processes of the 6horacic apii' the 
accessory processes of the upper lumbar vertebrae. It is prolonged upwarda^to the 
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Fic. 271. — Scheme of Musoular Attaohmkntb to Cehvioal Vertebrsi. 


neck by its ^cociation with the common origin of two muscles, the transversalis 
cervicis and the traAnelo-mastoid. 

The trane^yersalis' cervicis (m. longissimus cervicis) has an origin from* the 
transverse processed of the upper six thoracic vertebra}, internal to the insertions 
of the tengissimas dorsi. Extending upwards into the neck, it is inserted, under- 
neath the cervicalis ascendens and splenius colli muscles, into the posterior tubercles ■ 
of the transverse proce/^ses of the second, third, fourth, fifth, and sixth cervical 
vertebra?.. 

The traohelo-ipastoid^m. longissimus capitis) arises, partly by a^ii origin 
common Co it and the previous muscle, frpm the transverse processes of »the tippefe 
six thoracic ' vertobne, and partly by an additional origin from the articular pro-^ 
cesses of the lower four cervical vertebras. Separating from the transversal^ 
cervicis, the muscle ascends through the neck as a narrow* band wluch interyen^S; 
between the splenius capitis and complexus, and is inserted in^to the mastoid* procei^ 
beneath the former muscle. , V 

The longissimus dorsi, with its cervical prolongations, fonfis the middle ^ 
of muscles in the erector spinas. 

The spinalis dorsi ariBes by tendinous fibres frong^ the lower two thoreuifc 
upper two lumbar spinous processes, and also directly from the 
longissimus dorsi. ^ It is a narrow uSuscle wHibh, lying c1g 0 to theithbradtf^^^ 
procedies internal to the longissimus dorsiT and ccunplex^^ 
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portion of the muscle is separate, und forms the biventer eer^cis, consisting of 
two fleshy bellies with an intervening tendon p^ied vertic&Uy in contact with thef 
Ugamentum nuchse. The insertion of the muscle is crossed by the ocdpitiQ arteiy^; 
The complexus is cove9:ed mainly by the splenius and traohelo-mastofd muscles* 
It conceals the semispinalis colli and the muscles of the suboccipital triangle, along 
with the 'accompanying Vessels and nerves. ^ 

Thibd Geoui*. 

6 * c 

These muscles are only incompletely separate from one another. The semi- 
spinalis dorsi and golli form a superficial stratum; the multifidus'spinje being more 
deeidy placed. The more superficial muscb has the longer fibres ; the fibres of the 
multifidus spin® pass over fewer vertebr®. ' Both muscles extend obliquely up^^rds 
from transverse to spinous processes. ^ 

The semispinaJis muscle extends from the loin to the' axis. Its fibms, are 
artificially separated into an inferior part, the semispinalis dorsi, and a superior 
part, the semispinalis colli. 

The semispinalis dorsi arises from the transverse processes the lower six 
thoracic vertebr®. It is inserted into the spinous processes of the last two cervical 
and first four thoracic vertebr®, ' 

The semispinalis colli or o'ervicita arises from the transverse processes of the 
upper six thoracic vertebr® and the articular processes of the lower four cervical 
vertebr®. It is inserted into the spines of the cervical vertebr® from the second to 
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Fio. 273. — ^Thb Suboccipitai. Tbiangib. 


the fifth. The semispinalis muscle occupies the vertebral furrdw, and is m 
by the erector spin® and complexus ; it covers the multifidus spin© miusqle. :.i 
on the same plane as the muscles of the Buhoc«;wital trianglei'| 

The multifidus spinas differs £ipm ths p^ivions ihi^le m isx^uding^f^ 
sacrumi to the axis, and in the shortness .of* its fastionU; 
vertebr® to reach their insertion. . It aratpS fr^ the isacrum, frebtK^S; 



^ligament, from the'mammillary pr of the lumbar vertebrce^ from the trans- 
; verse prp^sses of the thoracic vertebraG, and from the articular processes of the 
lowdt four ^rvical vertebrae. ^ It is inserted into the spines of the vertebrae up to 
and ihcluding the axis. Lying in contact with the vertebral lainina 3 ^ the muscle 
is covered by the serhispinalis. 

• . • 

^ . FouiiTii Group. 

The mu^les bounding the suboccipital triangle, are fopr in number — obliquus 
inferior, oWiquus superior, rectus capitis posticus major, and rdctus capitis posticus 
minor. • ^ I 

The obliquus inferior arises fij)ni the spine of the axis, and is inserted into the 
tranaverse procesg of the atlas. t 

Tiii^bliquus superior arises from the transverse process of the atlas, and is 
' inserted rnto the occipital bone external to the complexus and above the inferior 
cul*ve*d line. 

• The rectus capitis posticus major arises from the spine of the axis, and is 
inserted into th^ occipital bone beneath the obliquus superior and complexus, and 
below the inferior curved line. 

The^rectus capitis posticus minor arises beneath the previous muscle from the 
spine of the atlas, and is inserted into the occjpital ibone below the inferior curved 
line and beneath the rectus capitis posticus major. 

These muscles are concealed by the complexus and splenius capitis ; they enclose 
a triangular space («fche suboccipital triangle) in which •the vertebral artery, 
suboccijntal nerve, and the posterior arch of the atlas are contained. The obliquus 
inferior is separated from the semispinaUs muscle by the great occipital (second 
cervical) nerve. 

^ The rotatores do{si arc eleven pairs of small muscles occupying the vertebral 
groove in the thoracic region, beneath the transverso-spinales, of which they form 
the deepest fibres. Each consists of a small slip arising from the transvejse process, 
and inserted into the lamina of the vertebi^ directly above. 

The inteij^spinales are bands of muscular fibres connecting together tjm spinous 
processes of the vertebra3, * * * -m ■ • 

The inter-transversales are slender slips extending between the^ transverse 
processes. They a-re double in the neck, the anterior divisions of the spinal nerves 
•passing between them. 

The rectus capitis lateralis, extending from the transverse process of the atlas 
" to the jugular process of the occipital bone, is hdmologous wfth the posterior of the 
two inter-transverse muscles. In the loin the inter-transversalqg musbifts are usually 
double, but they are often absent, or are replaced by membr^e. 


Nerve Supply. 


W exception of the yertebro- scapular and vertebror humeral liiificles (trapezius, / 

latissimte dbnsi, Iftvat^^ scapuleB, rhompoidei), the muscles of the back*are alj suppliod by 

the ^ster^t^^ of the spinal nervea In the upper pyt of the trunk the miuscles 

are BuppUe|t mainly by the extenial branches the lower part chiefly by the internal, branches 
of the ; nesves^^^^^^ cervical and sacral regions a lijnittd pleidlforni ariun^mexit of the nerv^ ■ 

^ ^ ^ : 

-^i-AormNs, ^ ^ 

bther niws<deS|> but iwine # 
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a. Flexion and Extension. * * • : ' 

. . . ^ S_ 

Longus colli 

Kectus capitis anticus major 

Scal^ni aiitici (togethe^) 

Psoas magiius and parvus 

LeA'-ator ani 
j Ischio-coccygeus 

I Sphincter ani extef niis ^ 

1 liectus abdominis 

Pyramidalis abdominis 
j Obliquus externus abdominis 
.i Obliquus iiitenius „ 

1 Transvcrsalis ,, 

Serrati postici ® . 

Splenius capitis 

Spleiiius colli 

Erector spinas 

Seinispinalis dorsi 

Seinispinalis colli 

Complexus 

Multifidus sjMnaj f. 

Intei-spiiiales 

L Interdostal muscles « 

''Diaphragm ^ 

Triangularis sterni 


« « 


b. Lateral Movement (Rotation). 

Levator aiiguli scaj)iila3 

Serrati i)ostici 

Splenius colli t ^ 

Erector spimn 

Complexus 

Seinispinalis 

Multifadiis spiiije * 

Rotatores dorsi 

Inter-transversales 

Longus colli 
i 

Rectus cajiitis anticus major 

Scaleni, anticus, medius, posticus. *“ 

Psoas magnus and parvus 

Quadratus lumboruin 

Obliquus externus aldoininis ® 

Obliquus internus „ 

Transvcrsalis ^ ^ 

Rectus „ ^ 

Pyramidalis „ 


< r 


2. Movements of the Head. — The movements of the head are flexion and extension, at the 
occipito-atlatttoid articulation ; lateral movement and rotation at the atlanto-axial joint 




^ ^ ^ a, FlexiSn and Extension.^ ^ * 

t _ 

DigfJStric 

Stylo-hyoid 

Styl o-pliaryngeus 

Mylohyoid 

Hyoglossus 

Sterno-hjiyjA^ 

Sterno-thy;roid 

Omo -hyoid * 

Recti capitis antcci (major and minor) 

' (the muscles of both sides acting together) 

Sterno-mastoid 

Splenius capitis 

Tracholo-mastoid 

Coiiqilexus 

Obliquus inferior 

Recti caxiitis postici (major and minor) 

f 

t- 


• <• 


r 

• b. Lateral Movement. c. Rotation. 

c, : ^ . 

SteriV)-mA,stoid 

Splcpius ^capitis 

Trachelo-mastoid 

Complexus 
^ Obliquus superior 

Rectus capitis, laterdlis ! 

Sterno-mastoid 

Splenius capitis v 

iTacbelo-mastoid 

Complexus ^ ' 

Obliquus inferior • , 

,, superior ^ . f ^ 

Recti capitis postici (major and minor) 


3. Movements of the Pelvis. — Tha movements of the pelvis (as in locomotion) ate^^ 
cawj>ed by certain of the muscles of the back. Those muscles, which a^e attached - to the; ‘ ajihaK 
column or the ribs on the one hand, and to the ^nominate bone bfl the other, 
movements (flexion, extension, aikl hitcr&l movem^t^) of the 'wdjole - 
muscle? jDassing between tlie innominate bone and femur, in certain positions of the 
assist in these niovemeiits..:/ ^ u 



; jASbm AND Mpsci^ 


‘a. Extension and Flexion. 


LatiBsitStis dorsi j Psoas jnagniis and pawns 

‘ Erector spinas ' . ■ liectus abdominis 

Mnltiddus spina: (acting on both sides) ! P)’ramidalis abd^ninis 

o I Obliqiuis extemus abdominis 


I Obliquus inteinns „ 

i Transfeisalis alxlominis (acting on both 

i sides) , 

I Pyriformis • 

Glutei 

• 1 1 Obturator (oxtomus andiinternus) 

t . j Sartorins 

» j Tensor fascia: feinoi'is 
I Iliacus 

! Rectus feinoris 

j Adductors (in erect position) 


b. Lateral Movenient. 

■ Flexgrs an5 extensors of side only | 


Quadratus linnbornm 


THE EASCIiE AND MUSCLES OF THE HEAD AND NECK. 


fascia:. 


The superficial fascia of the head and neck possesses certain features of special 
interest. Over the scalp it is closely adherent to the skin and subjacent epicranial 
aponeurosis, and contains the superficial vessels and nerves. Beneath the skin of 
the eyelids it is loose and thin and contains no fat. Over the face and at the 
side of the neck it is separated from the deep fascia by the facial Auscles and 
the platysma myoides. In the hollow between the buccinator and th«j massetcr ' 
it is continuous with a pad of fat (auetorial poxl) occupying the iiycr^al betweep 
these muscles. # . 

The deep fascia of the head and neck presents many remarkable characters. 
jOver the scalp it is represented by the epka»nial aponeurosis, the tendon of the 
occipito-frontalis muscle. This is a tough membrane, tightly stretched over the 
calvarium, from which it is separated % loose areolar tissue. It is attached 
posteriorly, partly through the agency of the occipitalis muscle, to the superior 
curved line of the occipital bone ; anteriorly it joins the frontalis imiBcle and the 
orbiQularis palpebrarum, and has no bony attachment ; laterally it is attached to 
the temporal ridge and tihe mastoid procesa Below the tempdial ndge it is con- 
tlhudns^^ith the stout layer of fascia attached to the . temporal 

ridge ; and zygomatid arch, which covers and gives origin . 1»o the temporal ; 
muscle; This: faSGwi separates into two layers above thp zygoma, tio enclose a v 
fat along with branches of the temporal and orMtal axteriea • On thb ; 
fa(^ ih%^aacia is-lnaoti^ nonexistent anterioriy in relation ^ the f^ial mnscles, 

. Post^ioHji^^ U fascia,* and is much thicker & xela^n to ' 

/''-:the:;^a^^.':giand,'^fdt’'^hich;:it:fdims^^^^^^^ 

and forms aponeurotic coye^^ 

ii^ ^bnds, and large vestols^: ’ ^ 
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THE MUSOUUUR SYSTEM: 
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mastoid the fascia helps to form the carotid sheath, which is completed by septal 
processes stretching inwards across the neck in relation to the ihfrahyofd mu^les, - . 
trachea, oesophagus and pharynx, and the prevertebral muscles. The trachea; 
oesophagus, and pharynx, are likewise encapsuled in cervical fascia, a septal layer 

passing across the middle 
line of the neck between 
the trachea and* oeso- 
phagus. Lastly, a strong 
prevertebral fascia passes 
acrosa the neck in front 
of the prevertebral 
muscles, g,nd behind the 
oesophagus and pjiii^fynx. 
The cervical ^scia is 
25 attached abpve^ to the 
bones of the skull : super- 
's fioially to the superior 
curved !iine of the occi- 
pital bone, the .mastoid 

33 process, the zygoma (over 

34 the parotid gland) and 

35 the lower border of* the 
mandible; more deeply 
to the styloid 'and 
vaginal processes of the 
temporal bone, the great 

4 ^ wing of the sphenoid and 
th& basilar process. This 
deeper attachment is be- 

Fio. 274. — Thansveuse Section in the Cervical Region (between the parotid gland 

, fourth and fifth cervical vortebraB.) anci pnarynx,, and 18 

associated Vith the* for- 
mation of three ligrf- 
ments: stylo -mandibular 
ligament, internal lateral 
ligament of the lower jaw, 
and pterygo-spinous liga- 
ment. The fascia is at- 
tached below, through 
its muscular connexions, 
to the sternum, first rib, 
clavicle, and scapula. By 
means of its connexion 
with the trachea and the 
common carotid artery it 
is carried dowlk behind 
the first rib into the 
superiof* mediastinum, and becomes ultimately continuous with the pericardium,; 
By means of its connexion with the subclavian artery it is carried down to the 
axilla, as the subclavian sheath, which becomes connected! with the costo-coraicoid 
membrane. ^ 

THE MUSCLES OF THE I^EAD. • ^ ^ 

The muscles of the head are divisible into three separate 
different. relations and uses— viz., suiierfioial'muscl^, muscleqt of the 
imiscles of mcfetication. 

IJ^e suf^rflciai npiscles comprite a large group/ indddlhg the 
scalp and face and the platysma. myoideS ih;^he.neck.; w: 

The platyj^a zuyoides is a thin ^uadif extendipg^^;^^^fi^^ 


*1. Cricothyroid aWhcLE. 

2. Inferior constrictoi# muscle. 

3. .Pharynx. 

4. Cricoid^artilu'^e. 

6. Vocal cord. 

(i. TlTYRO-ARyTENOID MUSCLE. 

7. Thyroid cartilage. 

8. Qluttis. * 

0. liHyers of deep cervical faficlSV 

10. STF.KN0Hy01D MUSCLE. 

11. Omohyoid Mjn^iAs. 

12. Sternothyroid muscle.^ 

13. Cervical fascia.' t 

14. Thyroid body. 

15. Goiiiiiion carotid *drtcry.t 

1C5. Dem^endens hypoglossi nerve. 

17. StEHI»')MAST() 1D MysoLE. 

18. liiternarjugular vein. 

19. rncuinogastric iiervo. 

20. Syiiipathetii nerve. 

21. Carotid sheath. , 

22. riireiil^i nerve. 

23. LoNOUH COLLI MUSCLE. 

24. Jleclus (!iapitis anticus major. 

25. Scalenus aiitieiis. C 


20. Vertebral vein. 

27. Scalenus inedins. 

28. Posterior triangle. 

20. Scalenus posticus. 

30. Levator a 4 >giili scapulas 

31. Spinal ucce.ssory nerve. 

32. Spleiiius colli. 

88. Traiisver.Hali.s cervicis. 

34. Truchelo-inastoid. 

35. Spinal nerve. 

80. Vertebral arterjs 

37. Proftinda cervicis vein. 

38. Profunda cervicis artery. 

80. Multi lid UR sxiime. 

40. Seinispinalis colli. 

41. Complexus. 

42. Splenius capitis. 

43. Trapezius. 

44. Ligamontuni iiuchie. 

45. Spine of fourth cervical vertebra. 
40. Lam ilia of fifth cervical vertebra. 

47. Dura mater. 

48, Spinal cord. 

40. Transverse process. 

50. Body of fifth cei*vical vertebra. 



■fi^ oyer the side of nwk, between the superficial and deep fasoiee. It arises 
fr^m tb% deep fascia of the’ pectoral region and the clavicle. It is directed 
•upwards apd forwards, and is partly inserted (by its middle fibres) into the lower 
border of the mandible, becoming connected with the depressor labii inferioris and 
depressor anguli oris muscles. The more anterior fibres pass across the middle 
line of the neck and decussate Iwslow the chin with those bf the opposite side. The 
posterior fibres sweep over the angle of the javj and become continuous with the 


Epicranial aponeurosis Attrahens auuem 



Frontalis 


.OjlDtCUl.AUia PALPEBRARUM 
PVRAMIOALIS NASI 


COMPRBBHOR NARI8 

Levator labii hupisriorih al>kqi.ie nasi 
Levator labii supbriorib 
:Zygomaticus minor 

■I 

Dr^resbor alac nahi 

ZVOOMATIOUS MAJOR 

Stciisoii's duct 

OllBiOULARlS QRIH 
UlSORlUH 

Buooinator 

'BbPKBBSOR ANQULl ORIS 

Depressor labti inpbuioris 

• » 

'Masseter 


Platysma myoDSbh 


Pio. 276 .— Thb Muacixs op thb Faob and ^alp (muscles of expression). 

risorius muscle. The platysma myoides is the rudiment of the cervical .portion of 
the itaniiiciilttB caxinsus of lower animals, in which it ha8 % muclI%ore intimate 
connexion Mirith the muscles of the face than is usually th« case in inan, 


: The Mtjsclbs OF the Scalp. 

The niu^iaS; of the B the rausoleS of the 

oCcipiio^firohtalia ihus^^^ 




etur atid thO v 



the ocdiutal bo^ie as a bio^ fiat anterior- 

baa ikb. bopy att^ 

; abMf ^e ibvbl of the boiwnai adtuy^^t 
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frontalis muscle the skin of the forehead is thrown into horizontal parallel 
Iblds* , • V • / 

The extrinsic muscles of the ear are three in number : retrahen^, a^ttolleus^ 
and attrahens aurem» 

The retrahens aurem (m. auricularis posterior) is a narrow fleshy slip which 
arises froln the surface of tlie mastoid process and, is inserted into the deep surface 
of the pinna. It bridges across tlie groove between the mastoid process an4 the 
pinna, and conceals the posterior auricular vessels and nerve. 

The attollens aijrenip (m. auricularis superior) is .a small fan-shaped muscle 
which arises from the temporal fascia, and descends vertically to be insetted into 
the toj) of the rootnof the pinna. f- * 

The attrahens aurem (m. auricularis anterion) is a similar small muscle, placed 
ill Iront of the attollens, and stretching obliquely between the temporal fascia/Shd 
the top of the root of the pinna. 

These two muscles conceal branches of the temporal vessels as they lie outthp 
temporal fascia. 

The ear muscles arc rudimentary and usually functionless. 

■ #.■ 

The Muscles of the Face. ^ 

The muscles of the face ar^ divid.ed into three groups; associated with the 
several apertures of the eye, nose, and mouth. 

1. The muscles of Ahe eyelids include four muscles : the levator palpebrae 
superioris (described witli the orbital muscles), orbicularis palpebrarum, tensdr taVsi, 
and corrugator supercilii. 

The orbicularis palpebrarum (m. orbicularis oculi) is a. transversely oval 
sphincter muscle surrounding and occupying the eyelids. It is divisible into an 
external portion (pars orbitalis) composed of coarse fibres, spreading on to the forehead, 
temple, and cheek, and an internal portion (pars j.)alj)ebralis), composed of finer 
fibres, wliich'bcciipies the eyelids beneath the skin. At the inner canthus of the 
eye the mivscle (by its palpebral fibres) gains an attachment to the tarsal ligament 
and the borders^^f the naso-lachryiAal groove. The fibres which extedd along the 
margins of the lids (f5)nstitute a separate ciliary bundle. The fibres of the orbicularis ^ 
j)alp6brarKm enclose the lachrymal sac and the canaliculi. The posterior fibres, 
extending between the posterior edge of Hhc naso-lachrymal groove and the tarsal 
ligaments behind the lachrymal sac, constitute the tensor tarsi muscle. 

Externally the orbich laris palpebrarum has no bony attachment ; so that when 
it contracts agd closes the eyelids, both lids at the same time tend to be drawn 
inwards towards the iimer canthus of the eye. *’ 

The corrugator supercilii arises from the nasal eminence, and passing horizon- 
tally outwards, blends with the upper fibres of the preceding muscle on its under 
surface. ' The contraction of this muscle throws the forehead into vertical folds. 

2. The m'ascles of the nose comprise five small muscles proper to the nose, and 

one common to the nos6 and upper lip : the pyramidalis nasi, compressor naris, 
dilatores naris (anterior and posterior), depressor alas nasi, and levatar labii 
superioris ^laeque nasi. They are all small and feeble. ^ * 

The pyramidalis nasi arises from the occipito-frontalis muscle and the skin 
over the glabella; it is inserted into a membrane stretching over the nose, which ^ 
also gives attachment to the compressor naris. ‘ , 

The compressor naris (m. nasalis) arises by a narrow origin from the sxjperipjr: 
malsilla, under cover of the levator labii superioris alseque nasi. It passes forwardfii > 
over the bridge of the nose, and ends in a membranous ^sertion common to it - and • 
the previous muscle. > • • 

The dilatores naris are feeble muscular slips, placed on the outer, side of ^ 
margin of the nostril, one anteriorly, the other posteriorly. / • . 

The depressor aJLse nasi is a small muscle from ^ 

incisor fossa of the maxilla; it divides into, two parts as 
inwards, and is inserted into the a|a and the s^tum of tho n6se:^(d€p^ 



- TH)B' M'tJS-di:ES' OF'iHE\fiEAi);^ 

l^ie levator labii inferioris alaeque nasi is a narrow band arising from the root 
of the ng,«al proceife of the maxilla. It descends alongside the nose, and is inserted 
partly iiito^ the ala of the nose and partly into the orbicularis oris muscle. 


^3. The muscles of the mouth comprise eleven muscles, of which one, the 
orbicularis, is a single muscle, 4ihe others being bilaterillly placed : levator labii 
super^oris alajque nasi, levator labii superioris, le'^ator anguli oris, zygomatici (major 
and minor), risorius, depressor anguli oris, depressor labii inferioris, levator menti, 
and buccinator. • « ^ 

The orbiculaijs oris is the sphincter muscle surrounding the lips. It is con- 
tinuous with the other muscles converging to the mouth. It liefc between the skin 
and mucous membfane of the nA)uth, imd is limited above by the nose, below by 
th^ unction ot* lower lij) and chin. Its mesial fibres are attached above to the 
septui^of the nose (naso-labial band) and to the incisor fossa (superior incisive 
b^indle); below to the lower jaw on each side of the sympliysis (inferior incisive 
bundle)! These bundles radiate outwards to join the rest of the muscle, which is 
* joined at its margin by the levators and depressors of the lower lip and angle of the 
mouth, and by ^he buccinator muscle. The lower Jibres of the muscle are continued 
laterally into buccinator and levator anguli oris ; its upper fibres are continued into 
the buccinator and depressor anguli oris. 

The levator labii superioris alaeque na&A has teen already described. 

• The levator labii superioris arises from the superior maxilla just above the 
infraorbital foramen. It passes almost vertically down>yardH to join the orbi- 
cul^is-^is and the skin of the upper lip between the attachments of the levator 
labii superioris alaeque iiasi and the levator anguli oris. It conceals the infra- 
orbital vessels and nerve. 


^ The levator anguli oris arises from the canine fossa of the upper jaw below the 
iniraorbital foramen •and under cover of the foregoing muscle. It is directed 
outwards and downwards, to be inserted into the orbicularis oris and the skin at the 
angle of the mouth. » 

The zygomatioi (major and minor) are more superficial than the ^preceding 
mu€cle/ • \ • • » * # 

• The zygomaticus minor is the anterior muscle. It arises f^^m the malar bone, 
and is often continuous with the most peripheral fibres of tlie orbicularis palpe- 
brarum. It is directed obliquely downwards and forwards over the levator anguli 

* oris, to be inserted, along with the levator labii supnjrioris, into the orbicularis oris. 

The zygomaticus m^*or is a narrow muscular blind whiclvarises from the malar 
portion of the zygomatic arch. It passes to the angle of the moutfe, to ba inserted 
parfe|ato^^t^^^ • 

,0^ thin flat muscle which forms partly*a continuation of the 

piiitysma inyoides. on the face, partly a separate muscle, with •an (Jrigin from the 
mstsseterio fascu^^^^ It passes trensyersely forwards, to be inserted aUthe angle of the 
nQ^uth into the and skin. • 

i #The dep from the external oblique line of the lower 

and from .the platysma myoides. It is triangular in form, its fibres conVergihg to 
the an^ of are inserted into the orbicularis oris and the 

sldn. ;lSQijpe: Qf Up through the prbidhkns ihusale. 

the outer siir^ of the Itwer ja^: ; 
angnli oris* It is quadrilat^l iii form, and, 
is and the sk& of the 

fp^rpLen;^ o^riaj^ed; 

it prii3<;:ijts 
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the orbicularis oris muscle. The middle JihreB of the muscle decussate at the aiigle 
of the mouth, so as to pass, the lower set to the upper lip, the upper set to^the lo,wer 
lip. The buccinator is coA^ered on its deep surface by the mucous membrane of the 
mouth. Superficially it is concealed by the muscles above mentioned, which con- 
verge to Jbhe angle of the mouth ; it is separated from the masseter by the Bmtorial 
pad of fat ; it is pierced by the duct of the parotid gland, and by branches of the 
buccal nerve. e * 

Nerve Supply. 

Tlie facial aud scalp fniiscles arc all innervated by the facial*^ nerve. The fo&terwr aurkwlar 
hraneh supj)lies tlie retraliens aureni and occipitalis; the branches formvig the pe/f anserinus 
su 2 )ply the frontalis^ attollcns, and attrahens adrem, tlfe several muscles associated with the 
apertures of the eye, nose, and mouth (including |he buednator), and the platysnia myoides. 

Actions. 

The almost infinite variety of facial exi^ression is produced partly by the action of* these 
muscles, j^artly by their inactivity, or by the action of antagonising muscles (antithesis).* On the 
one liaud joy is, for examjDle, betrayed by the action of one set of muscles, while grief is acconi- • 
paiiied l)y the contraction of another (oj^posiug) set. Determination or eager^jess is accompanied 
by a fixed ox 2 )ression due to a combination of muscles acting together ; despair, on the other 
hand, is expressed by a relaxation of muscular action. For a philosoj)hical ac(3ount of the action 
of the facial muscles, the student slu^^ild consult Darwin’s Expression of the Emotions in Man and 
Animals^ and Duchenne’s Mechanisme de la^Fhysiologie humaine. 

The platysma myoides retracts and de])ressc« the angle of the mouth, and depresses the lower 
jaw. The occipito-frontalis, by its anterior belly, raises the eyebrows ; both bellies acting 
together tighten the skin K)f the scalj) ; acting along with the orbiciilaius pali)ebraruni, it sliifts 
the scalp backw'ards and forwards. * 

The corrugator supercilii draws inwards the eyebrow and vertically wrinkles the forehead. 

Tile pyramidalis nasi draws downwards the slkin betAveen the eyebrows, as in frowning. Tlie 
upper eyelid is raised by the levator palpebree superioris. The closure of the lids is effected by 
the orbicularis palpebrarum, whose fibres also assist in the lowering of the cyebrow’'s, in the pro- 
tection of the eyeball, and, by i.)ressure on the lachrymal gland, in the secretion of tears. tKie 
tensor tarsi, acting along witli the orbicularis 2 )alpebrarum, compresses the lachrymal sac and 
aids in the eAPacuation of its contents. The muscles of the ear and nose have quite rudimentary 
actions exjiressed by their names. Of the muscles of the mouth, the orbicularis oris has a com- 
I)lex action,' cl*3pending on the degree of contraction of its component parts. It causes csinpression 
and closure of tli»>lip.s'iu various ways, faghtening the li])8 over the teeth, contracting them &8 in 
osculation, or causingl’pouting or protrusion of one or the other. Tlie accessory muscles of th€ 
lips* draw# them ujiwaids (zygom a tici, levator anguli oris, levator labii superioris alaeque nasi, 
levator labii .sujiejioris), outAvaid.s (zygomatiQus major, risorius, jjlatysma, depressor anguli oris, 
buccinator), and dowinvards (depressor anguli oris, depressor labii inferioris, platysma). The# 
levator menti elevates the skin of the chin and protrudes the lower lij). The buccinator retracts 
the angles of the mouth, ifettens the cheeks, ana brings them in contact with the teeth. 


Levator pat.pebr^: superjorih 
Recim 

iLIQUU LIPERIOK 

Rbctiis INTERNUS 


‘ Th« Fascia and Muscles of the Orbit. 

r ^ 

The eyeball witli its muscles, vessels and neryi^, is lodged in a mass of soft and 
yielding fat wilicli entirely fills up the cavity of "the orbit. Surrounding the 

posterior part* of the eyeball 
is the capsule of Tenon, which 
constitutes a large lymph i 
space or synovial l^rrsa iu : 
relation to the eyeh®^ An:*v 
teriorly the capsule is in con- 

tact with the ’ conjunetivaj 

which'intervenes between thoi 
latter and the eyeball ; ; 

teriorly it is pierced 
prolonged along the - optio; !: 
nerve. It is a smooth niefii;;| 
brane connected to globel 

Fio. 276 .— Transvebm Vehtical Skcmow through i^E Orbit ‘ 

BEHiNiATBB Ete-sAi.l xo SHOW THE Arbaeueueht OS' JMtrsotES. * •‘■w ,18 P*e*Wa,» Dy 

;i tendons of the 

along which it s^ds i^olongatiens eo^innoUB with the miiBciiWi sh twi thij,;;" x 


llKOlTIS EXTHRNU8 
OjlLIQIllTH INFERIOR 


aiEOrpS INFEHinR 




ORBTCUH BTS rAI-PEURARnM 


iiAsci^ M 

musol^ of iihe orbit are seven in number: one/ the levator palpebrm 
: sqperiofls, belong to the upper eyelid ; the other six are muscles of the eyeball. 

The tevator palpebrse superioris lies immediately beneath the orbital perios- 
teum over the superior rectus muscle. It has a narrow origin above that muscle 
from the margin of the optic foramen. 

It expands as it passes forwai^s, to end, 
in relation to the upper lid, in a mem- 
; branoiis expansion which is inserted in a 
four-foid manner : (1) slightly into the 
orbicularis palpabrarum and skin of the 
upper lid, (2) mainly into t!he up^r 
bOTder of th^ taiml cartilage, (3) slightly 
inro the conjuftctiva, and (4) by its edges 
into^he upper border of the margin of 
^he o^ital opening. 

The recti muscles are four in liumber 
— superior, inferior, internal, and external. 

Thby all aris# from a membranous ring 
surrounding the optic foramen, which is 
separable into two parts — a superior com- 
mon tendon, giving origin to the superior 
and internal recti and the upper head 
of the external re<itus ; and an inferior 
coTfnifC^n tendon, giving, origin to internal 
and inferior recti and the lower head of 
the external rectus. The two origins of 
the external rectus muscle are separated 
lay the passage iifto the orbit of the 
oculo-motor, nasal, and abducent nerves. 

Forming flattened bands which traverse 
the fat of the orbit around the optic nerve and eyeball, the four mugcles end in 
tdndons which pierce the capsule of Tenon,*and are inserted to’ the sclerptic 
about eight millimetres (three to four lines) behind the laargin of the cornea. 
The superior and inferior recti are inserted in the vertical plane slightly internal 

to the axis of the 
eyeball; the exter- 
nal and inUthal 
arecti in the trans- 
verse plane of the 
eyeball ; and ali 
are attaohejd ; in 
•■front » cf dihe 
• equator of . the ' 



Ukotub 

KXTBRRUB 


\ 

Rkotiw 

BUPBHIOR 


LkVATOB PALPBllR^ 
HUPURIOUIS 


Fio. 277 .— Thk MuscIiER of this OiiBiT 
(from above), ^ 


Obuquus superior 
\ 


flUPEBlORlB (cut) , 


Brutus extIcrnus « 
Ocnlo-rnotor 



Nasal nerve 
Abducent nerve 





Thb CbliilUttS: 

Mni vthe in^ 
oF the* dptic: fq^a 
'•meh ■.;betwdeii''|ljie!^ 
; .recid;supei^;hji^!; 
vin;:fea r«' u 

' M A Aici' a 'xi d.!? '. 


without)/ 


(trbohtea) attao^’^ 
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The obliquus* inferior arises from the inner side of the^floor of the orbit just 
behind its anterior margin, and external to the nafeo-lachrymal groove. •Jt forps 
a slender rounded slip, which curls round the inferior rectus tendon, ^nd passes* 
between the external rectus and the eyeball, to be inserted into the sclerotic 
between the superior and external recti, and further back than the superior 
obljque muscle. * c 

Mtiller's muscle is a rudimentary b.indle of non-striated muscular fibres bridging across the 


Lac.hrj^nal gland 


Frontal nerve Suya-orbital nerve 


Lachrymal nerje 

Nerves to rectus superior ami 
lcvat(rt' jialpebiw supiTioi-is,. 
from oculo-motor nerA'e 

Trochlear ncrv( 


RkCTUK nXTKHNUI 


AMucent nerve- 

Oculo-motor nerve (inferior, 
division) 

Lenticular ganglion-' 

Nerve to re<;tiis inferior, from 
oculo-mo1.or nci-ve 

Nerve to ohliquus inferior,^ 
from oculo-motor nerve 



—Sinjra-trochlear nerve 
Levator PALP£BUi£ 

‘sUPERl^Rlfi 

Rectus superior ^ 

Obliquus superior 
■Nasal nerve 
Infra-trochlear nerve 

Rectus ^ nternus 
Nerve to rectus internus from 
oculo-motor * 

Ophthalmic airtery 


Optic nerve 

Long ciliary nerves 

r 

Rectus inferior ^ 


Obliquus inferior 

Fio. 279.-— Schematic Representation oe the Nerves which tuaveusb the Cavity of the Orbit. 

spbeno-inaxillary fissure and infraorbital groove. It is suppled by tibreb from the sympathetic, 
and may have a slight iiifiuence iii the protrusion of the eyeball. 

Nerve Supply. 

The muselos of tlie orbital cavity are jupplied by the third, fourth, and sixth cranial nerves. 
Tlib fourth nerve^oroclflearis) su|)plies the obliquus superior; the sixth (abducens) supplies the 
rectus externiis ; the tRird nerve (motor oculi) supplies the others — levator palpebrse superioris, 
recti, 'sux^erior, inferior and internus, and obliquus inferior. 

I. 

Actions. 

Tlie levator palpebrae superioris elevates the ujiper eyelid and antagonises the orbicularis 
palpebraiTipi muscle. The six muscles inserted into the eyeball serve to move the longitudinal 
axis of the eye ^ipv ai/ls, doAvnwards, inw'ards, and outwards, besides causing a rotation of the 
eyeball on its owd axis. Tip following table exjiresses the action of individual muscles. It must 
be remembered that, while similar movements occur simultaneously in the two eyeballs,*the 
horizoi\tal movements ifiay, by adduction of the muscles of both sidea, cause convergence of the 
axes of thq tw^o eyeljalls for the purposes of near vision. 


a. Adduction and Abduction. 

V 

i 

llectus internus * 

Rectus sujidAorb 
^ Rertiis infei’ior J 

* 

Rectus externus *- 

Obliquus superior Wcon'ecimflr ^ 
Obliquus interior / adductors) 

k Elevation and Depression. *' ^ 

Rectus* superior 

Obliquus inferior 

Rectus inferior 

Obliquus superior ^ 

. 

c. Rotation outwards. 

/ Rotation inwards. 

Obllquusiinferior ^ 

k . - ■■ 

. 

■ ■■ ' ■ 

©hliquus superior ; 

•Rectus Supenbr ^ ^ 

Rectus inferior' / ^ ' ;j 
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Muscles Mastication. 


s th^ comprise the masseter, temporal, external and 

internal pterygoids, and buccinator (described above). 

The masseter arises (1) superficially from the lower border of the :^goma in 
its anterior two-thirds, and (2) jnore deeply from the deof^ or inner surface of the 


Epicfaiu^l aponeurosis 


Temporal fascia 


Tom^aial fascia (deop 
layer) 


OCCIPITO-FRONTALie — 
Temporal Mu8or.R 

Auriculci-temporal 

norve 

Superficial temporal 

artery' “ 

i^AssETEii (deop fibres) — 


*• ^Varotid gland 



ORIIICU LARIS 
rALHKmiAllUM 


ZvflOMATltJOK MAJOR 


Massktrr (superficial 
■fibres) 

Stousun's fluct 


' Buccinator 

DliPRlSHSOR ANCUTLl ORIS 


'Facia? artery 


Fig. 280. — Muscles op Mastication (superficial view^ 


zygoma in its whole length. The superficial fibres are directed downwards and 
backwards towards the angle of the jaw ; the deeper fibres are directed vertically 
downwards. 1 ' f'he muscle is inserted into the ‘outer surface of the ramus of the 
lower jaw aftd^ boronoid process. The deepest fibres blend with Jhe fibpes of the 
subjacent tempotaUmuScle; ^ 

The masseter muBclb occupies the posterior part of the «heek. It is covered by 
the haifbtid gieuidj aiid jis crossed by Stenson’s duct and the branches of the filial 
nerve, and it cphoealB the lower jaw uud a part of the temporal nyijBcle. » 

; > ;The a fan-shaped muscle arisii® from, the whole area of 

the te^iwrai; as from the temporal fascia which covers it. Its I ■ 

cdhVergihg jflbres pass fe ■zygomatic arch. In );he pterygoid*regipni the { 

ihuc^lo^ surface and hpex of the coronoid process, and into! 

the anteporbSi^er ® v*. ^ 

T4|S .mu^le; is; eQhe«ded^^il^ fawsia, zygoma, the ifiaiBseter muscleiv > 

external pterygoid mtis^ mxd tbeJt; 

a'/ - ■ ■ ' 

n.'SlTlLfe ;two;';heads, upper ;.,and' ■.■-■■loiVercrsThejK' 

great wing of the Bphenbidi'^t^^^ 

Theft 
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maxillajy artery paesea over or under the muscle, and diaappears between its tiwo 
heads of origin. * ' • V 

The internal pterygoid muscle has likewise a double origin — {1) from the detep 


Epicranial 

aponeurosis' 


yKMl’OllA-L MnscLia 


Auricu lo-teiii poral 
nerve 

Superficial temporal 
artery 


External rTBUYCoiD 
Nerve to mussotcr. 
Parotid glnnd-^ ’ 
Masseter (cut)--^'^ 


Posterior dent^ 



Buccal nerve 
Sitiusou's duct 


Fi(i. 281 —Muscles op Mastication, Deepee View (zygoma and masseter muscle removed). 


surface of the external pterygoid plate, and (2) by a stout tendon from the 
tuberosity of^the upper jaw. It is quadrilateral in form, and is directed downwards 


Epicranial aponeurosis- 


Temporal muscle 


Auriculo-temporal nerve.. 
Superficial temporal 
^ artery- 

External cafotid arteryl^ 

Internal lateral lig<\nient- 
Posterior auricujar artery — 
Ijinf!;nal nerve— 
Mylo-hyoid ncrve_ 
Parotid gland. 


Inferior dental nerve, 
; Masseter (cut] 



Temporal branch of 
buccal nerve 
\ Temporal branclieH of 
/ inferior maxillary nervo 


External pteuyooid 

Posterior dental artery 

'Posterior dental nerve. 

Buccal nerve 
Ptarygo-mandy^ular 
ligament r* 


Mental branch of inferior 
dental nerve 


Pia. 282.— Ptebygoid BaoioN. 


outwards, and fiackwards, to be insertj^d into a triangular impression oh 
surface V»f the lower jaw, between the mylOL-hyoid grop’vs^ and: 
bone. -i- \ 



TH® 01 ^ ms mM. m 

^he the external pterygoid muscle/ by branches of 

the inferior maxillary ilerve, and by the internal lateral ligament and ramus of 
the4owe^ jaw. Beneath it are the Eustachian tube, muscles of the soft palate, and 
pharynx (superior constrictor). 

Nerve Supply. 

The inferior maxillary division ol the fifth nerve supplies all’ the muscles of mastication 
except, the buccinator, which is supplied by the facial nerve. The internal pterygoid muscle is 
supjwied by the nerve before its division into anterior anfl posterior parts ; tlie other muscles are 
innervated by the anterior trunk. 

Actions. 

The above muscles, assisted by othei*s in the neck, produce the various movenumts of the 
lower jaw, as follows :-v- 


(f.. Opening and Cloaure of the Jaw. 


Weight of the jaw 

Masse ter 

Digastric 


Mylo-hyoicl 

Temporal 

Genij-hyoid 


Geiiio-liyoglossus 

Internal pterygoid 

liifra-hyoid muscles 


' b. Protraction au4 

i Retraction. 

External pterygoid 

1 Tempoi’al {poderior JUrrm) 

Internal pterygoid 


Temporaf‘(!ltn^mor^6m*) 

I 

c. Lateral Movement of the Jaw. 

InSaf 


THE MUSCLES OF THE NECK. 


"The mus»le8 in the neck include, in addition <to those associated with*the muscles 
<Df the back, and described already (p. 363), the following series (1) sterno-cloidb- 
mastoid ; (2) the muscles of the hyoid bone (supra-hyoid and infra-hyoid)^ (3). the 
muscles of the tongue (extrinsic and intrinsic); (4) the muscles of the pharynx and 
%oft palate; and (5) the prevertebral muscles. . 

The sternicl-cleido-mastoid muscle is the • prominent, muscle projecting ph , 
the side of the neck. It arises by two heads— (1) sternal, from the ^^antericsr surface 
of the manubrium sterni, and (2) clavicular, from the upper susface of 'liffe clavicle in 
its inner third. The muscle is inserted into the mastoid process* and superior 
curved line of the : occipital bone. * . * - . 

It stretches obliquely across the neck, separating the anteriqc and posterior 
I trie-ngles. Superficially it ^ k the platysma, the external jugular yeifti 

aid some of the superfiokl branches of the cervical plexus. ^ It conceak*the splenius 
OUpitk, di^Btrici lector ahguli soapulmt scaleni and infra-hyoid muscles, ttie carotid 

she^t^^e C^i^ The ket-nam^ 

:;';pierces'4%^u^fe''-' 


Th6- isfcByxiorcfeidO'^fiiafetoid; iriuscl^ three part^.:^ (1) 

pla456d:iiuper)fekfiy, «jfl ^psering obUquriy the sternum to tfie ^toid W2) 

Sastokj.&!i^kbtoa!toki^«^\®a&tedvrirtaediy upward 

proce«ti^d;(3) 'rieWo-ocfii;Stiiai8, i)SsSit^r,obUqttely upwards and bm^wards ^bind the cleido- 

si^sccessp^ by a,b»nrii ; 
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384 THE MT7SCULAE SYSTEM. 

The omo-hyoid is a doxible-bellied muscle, arishig by its posiferior belly fromi 
the superior border of the scapula and the suprascapulaf ligament, ^t forms a 
narrow muscular band, direicted obhquely forwards and upwards, to, erfd in®ai^ 
intermediate tendon beneath the sterno-mastoid muscle. From this Itendon the . 
anterior belly proceeds upwards to its insertion into the body of the hyoid bone. 

The posterior belly <rf the muscle separates thg posterior triangle into occipital 
and subclavian parts; the anterior belly crosses the common carotid artery at lihe 
level of the cricoid cartilage, anil in the anterior ' triangle forms the boundary 


H>’pogloasal neiye Vrfgus nerve ® 

Recurrent branch I | Superior cervical ganglion of the sympathetic 



Fio. 283. — The Muscles op the HIyojd Bone and Styloid Phooess, and the HSltutnsio MpscLES 
' i: OF THE Tongue, with their Nkuvbs. 


between fhe muscular and carotid triangles. A process of the deep cervical fasem 
binds down the tendon and the posterior belly to the scapuk and first rib. , | 
The stemo-hyoid , muscle arises from the posterior surface of the presternuhii 
from the back "of the first costal cartilage, and from the clavicle. It' passat; 
vertically ux)wards in the neck, internal to the omo-hyoid ^.nd in front of .the- 
sterno-tiiyroid muscle, to be inserted into the body ol‘ the. hyoid bone, Exefept; 
near its origin the muscle lies superficially in the anterior triangle, alongside tha*; 
orap«liyoid and in front of the sterno-thyroid and thyroi hyoid muflcles, the tir^h^ii 
and the thyroid body. »" s V 

Tlwfi. 8 temo-th 3 rroid muscle arises beneath the sterno-hyoid fr0my ]t3je h 
the presternnm and first costal cartilage.. Eroader than the pr^iphgln;^ 



THE MUSCLES OF THE HYOID BONE. 
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passes upwards and sliffhtly outwards in the neck in front of the trachea and 
thyroid b®dy, and henefth the omo-hyoid and sterno-hyoid muscles, to be inserted 
int8 the ob^que line of the thyroid cartilage. The muscle is marked by an oblique 
tendinous intersection in the middle of its length. 

The thyro-hyoid muscle continues the line of the preceding muscle to the hyoid 
boixe. Short and quadrilateral^ it arises from the oblique line of the** thyroid 



Mylo-hyoid 

DIUASTUK! 
IlYOriLOSHI'M 
S’l’YLrt-HYOin 
M IDDLK tJfJNHTJtJCTOll 

rilVUO- HYOID 

• INKKIIIOK 
COi4HTIlJOTOH 

OmO'I^VUID 
iNl'^ICRlOK 
tJONBTRIl.TOU ^ 

Stkrno-hyoid 


StERNO-TH YKOID 


Fla. 284.— Thjb Tbianglbs OF THE Nj5CK (Mus^Jes). 

- W over the thyrorhyoid membraneobeneath the omo-hyoid and 

sterho-^y^d) it is: insei^d into the body of the hyoid bon& '■ * .> 

thYtoide» an occasional slip sferetcWi^ between the SyoW bona 

.abd thei|8&innB;br pyrtibidbf 
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boundary of the submaxillary space. The posterior belly is concealed at its onj^h 
by the mastoid process and the muscles attached to ii ^ It fcrossefl tfeb ce^tid 
vessels and the hypoglossal nerve in the anterior triangle. The {mjierlor b^Uy 
covers the mylo-hyoid muscle. 

The stylo-hyoid muscle arises from the styloid process of the temporal bone, 
and is Verted into th6 body of the hyoid bon« by two slips wliich enclose the 
tendon of the digastric muscle. It is directed downwards and forwards alongside 
the posterior belly of the digastric, and crosses the anterior triangle in front of the, 
carotid vessels. , t . , i ' 

The mylo-hyoid muscle arises from the lower three-fourths^ of the rfiylo-hyoid 
ridge of the loweu jaw. It is directed downwards and inwards, to be inserted into 
the Tipper border of the body of the hyoid bond^ and more anteriorly (along with 
thfe opposite muscle) into a median raphe Extending from the hyoid '^bone near^ to 
the chin. The muscle fonns a diaphragm in the floor of the mouth, an<y^ has in 
contact with its external surface the digastric muscle and the submaxillary g^ai^d. 
Its internal surface is partially covered by the mucous membrane of the floTTr of the 
mouth, and is separated from the hyoglossus and genio-hyoglossus muscles by the* 
deep part of the submaxillary gland, the sublingual gland, Wharton’s duct, and 
the lingual and hypoglossal nerves. 

The genio-hyoid muscle arises from the lower of the two genial tubercles on 
the back of the symphysis of tlfe low€r. jaw. It is directed downwards and back- 
wards, to be inserted into the body of the hyoid bone. The muscle is concealed' by 
Idle digastric and mylo-hyoid muscles. It lies along the lower border of the genio- 
hyoglossus. The muscles of opposite sides are often fused together. - tr' <■ 

The Muscles of the Tongue. 

The muscular substance of the tongue consists of two symmetrical series of 
muscles placed on either side of a membranous raphe in "the middle line, ahd 
composed of (1) extrinsic muscles arising from the soft palate, styloid process, hyoid 
bone and lower jaw, and (2) intrinsic muscles, proper to the tongue itselfl Each 
set consists of four series of muscles. • 

« The extrinsic 'muscles are fBur in number: (1) genio-hyo-gloSsus, (2) hyo- 
glossus, (3) stylo-giossus, and (4) palato-glossus. ^ 

' The genio-hyo-gloBsus musde (Fig. 283) is an extrinsic muscle of the tongue 
as well as a supra-hyoid muscle. It Is a fan-shaped muscle arising by its apex* 
from the upper of the two genial tubercles behind the symphysis of the lower jaw. 
From this origin the iKuscular libres diverge; the lowest fibres are directed down- 
wards a'afiJlPchwarclB, to be inserted into the body of the hyoid bone; the highest 
fibres curve fqrwardsj t^ be attached to the tip of the tongue ; the intermediate fibres • 
are attached to the substance of the tongue between the base and tip. The muscles 
of opposite sides are separated by the median raphe of the tongue. On the outer 
side of Wch ar& placed the hyo-glossus and mylo-hyoid muscles. Between the hyo- v 
glossus and,geni6-hyo-glo8Sus are found the stylo-hyoid ligament, th6 lingual artery, ' ; 
and the glosso-pharyngeal nerve. 

The ‘hyo-glossus muso^ is also an extrinsic muscle of the tongue as well as a ' 
supi*a-hyoid pmscle^ It arises from the hyoid bone (body and ^eat cornh), and in 
directed Vipwaids and forwards, to be inserted into the side of the tongue, inter-- ; 
lacing vl'ith the stylo-giossus. The muscle is quadrilateral, and lies between the 
genio-hyo-gloBSus and mylo-hyoid muscles, separated frpm the latter by the niucous v 
membrane of the floor of the mouth, the sublingual and pdrt of the siibmaxiUaiy ; 
glands, the lingual and hypoglossal nerves, and Wharton’s duct. \ 

The chondro-glossus is a small separated slip of the hyo-glossus, n9t always prewnfe- ) '^ 

The stylo-glosBos muscle arises beneath the parotid gland frond the 
end of the styloid process and from the styli^-nmndibuhur : Ugament. Broc^^g^i 
forwards ando^inwards, it is inserted into the and udder; surfaiSe of the tqngue;^;| 
fibres spreading diit to decussate with thq^e of the palato-glossqs snd;lfyq^glQ^tti;i 
The hfiuscle is' covered by the internal pteiy^id musCle and the jiDiucous.|naaahri^!^ 
of the tongue...}' ' j/ . '■ ' .'.'.■J'-'SS 
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Thg pateto-glossi^ is a thin sheet of muscular fibres arising from the uuder 
8 mtaoe,(« the soft pakte, where it is continuous with fibres of the opposite muscle. 
•ltj)ass® tfownwar^ ia the anterior pillar of the fauces, and spreads out, to be in- 
serted mto the sides of the tongue, blending with the stylo-glossus and the deep 
transverse fibres of the tongue. The muscle is placed directly beneath the mucous 
membrane of the soft palate and tongue. * ^ 

.Intrinsic Muscles of the Tongue.— Besidgs receiving the fibres of insertion 
01 tlie extrinsic muscles, the substance of the tongue is composed of four intrinsic 
muscles on either side, two*in the sagittal plane, the supetior and inferior linguales ; 
two in the corontyi plane, the transverse and vertical fibres. 

The superior lingualis muscle 'extends from base to tip of tlife tongue, placed on 
its dorsum immedfhtely under tlife mucous membrane, into which many of its fibres 
arff inserted. • 

TAe inferior lingualis is a cylindrical band of muscular fibres occupying the under 
^ri of the organ on each side, in the interval between the genio-hyo-glossus and the 
hyo-gloBSus muscles. Posteriorly some of its fibres extend to the hyoid bone. 

Xhe transverse fibres arise from the median raphe, and radiate outwards to the , 
dorsum and sMes of the tongue, decussating with the extrinsic muscles and the 
fibres of the vertical muscle. They occupy the substance of the tongue between the 
superior and inferior linguales. ^ 

The so-called vertical fibres arise from^he dorsal surface of the tongue, and 
s\freep downwards and outwards to its sides, intermingled with the fibres of the 
previous muscle the insertions of the extrinsic muscles. These two muscles 
ionn^werjr considerable part of the total muscular substance of the organ. 

Nmuve Sopply. 

^ The muscles of the tyoid bone and of the tongue are for tlie most part s\ippliexi by the ansa 
cervicalis (0. 1. 2. 3.) and hy the hypoglossal nerve. A few of the muscles are supplied by the 
trigeniinal, facial, and spinal accessory nerves. 
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a. Elevation and Depression. | 

h. Prbtraotion and 'Betractioifi . 

Digastric 

Stylo-hyoid 

Mylo-hyOid 

Genio-hyoid 

Genio-hyo-glossus 

Hyo-glossus 

Muscles closing the 
mouth 

Thyro-liyoid 
Steriio-hyoid 
Omo#hyoid 1 

Sterno-thyroid j 

j 

1 

i 

Genio-hyoid 

Genio-hyo-glossus 

i 

Stylo-hyoiS 

Middle constrictor 

e 




(2) Movements of the Thyroid Cartilage. — TIig tllyroid cartilage fs raised and lowered 
during S23eech and deglutition. 


Elevation. 

Thyro-Lyoid 
S t y lo - 2 )h ary nge us 
Pal a to - ph ary ngeus 
Elevators of liyoid bone 
Muscles closing nioutli 


Depression. « 


Sterno-tliyroid 
Crico-tliyroid 
De23ressors of liyoid bone 


(3) Movements of the Tongue. — The chief movements of the tongue in sjieech and de- 
glutition are elevation and dciiression, protrusion and retraction, and lateral inovenients. 


a. Elevation and 

j 

Stylo -glossiis (base) 

. Palato-glossus 
Muscles elevating hyoid bone 
Muscler closing nioutli 


Depression. 


Genio-hy o-glossus 

Hyo-glossus 

Ohondro-glossus 

Muscles depressing the liyoid bone 


c 



J), Protrusion and Betraction. 


Genio-hy o-glossus {posterior Jibrea) * Genio-hyo-glossus {an terior fih'es) 

Stylo-glossus 


c. Lateral Movements. — ^The muscles of one side onl3^ 


(4) Movemenijs of tjie Head. — The sterno-m^toid muscles, acting together, flex the head on 

the spinal column, assisted by the sujira-hyoid and iiifra-Iiyoid muscles. ♦ The sterno-mastoid muscle 
of one sidti, actingcalone, bends the head to the same side, and simultaneously rotates it to the 
o]iposite side, as seen, in torticollis (wryneck). ^ 

(5) Movements of the Shoulder Girdle. — ^The omo-hyoid and sterno-mastoid muscles have 

already been included ainon^ the elevators of the shoulder girdle. . 

(6) Respiration. — The muscles on the front of the neck are auxiliary muscles in extraordinary 
or diflicult insjiiration. The masseter and temporal muscles fix the lower ja\/^ the hyoinLbone is 
rai.sed and fixed *by the sfiiira-hyoid muscles ; and the sternum is raised by the steino-inastoid aiid 
infra-hyoitl muscles. 

The Muscles of the Pharyip:. 

f The museular enveiope of the pharynx is composed of twq^ strata. The ep^ernal 
layer consists of the three constrictor muscles; the internal /ay er consists of the 
longitudinal fibres of the stylo-pharyngeus and palato-pharyhgeus muscles. ;^ 

The superior constrictor muscle is triangular or fan -shaped. It 
succgssivQly from the lower half of the posterior border of the internal pterygoid: 
plSte, from tlie pterygo-mandibular ligameut, from the my le-hj^oid . ridge ^ 
lower jaw, and from the mucous membrane of the floor of the 
pharyvlyeus). The muscular fibres radiate backwards, and are/ixusertd4:^ 
most part into a mediiin yraphe ^xteudtog:d6wn th^ baek wall pf fthevph^ry^ 
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the fiiiddle line. Thejhighest fibres are attached to the pharyngeal spine of the 
occipitat bone, and the lowest •fibres are overlapped by the middle constrictor, A 
crescentic^ interval occurs above the muscle, below the base of the skull, in which 
the Eustachian tube and the levator 

Fibrous aponeurosis of the pharynx 


and tensor palati muscles appear. 

The lower border of the muaiile is 
seps^rated from the middle constrictor 
by the stylo-pharyngeus muscle and 
the glosso- pharyngeal nerve. It 
separatdfe the internal carotid artery 
from the* cavity *of the pharynx and 
tonsil. % t 

• The middle constrictor muscle 
ariseULfrom the stylo-hyoid ligament 
both cornua of the hyoid bone. 
rronfUts origin the muscular fibres 
radiate backwards, to be inserted into 
the median raphe on the posterior 
aspect of the pharynx. The upper 
fibres^overlap the lower part of the 
superior constrictor ; the lower fibres 
are concealed from view by the in- 
ferior constrictor muscle. In the 
in4e]R«j|l bafcween the middle and in- 
ferior constrictors are found the 
internal laryngeal artery and nerve. 

The inferior constrictor muscle 
arises from the obMque line of the 
thyroid cartilage, and from the side 
of the cricoid cartilage. Its fibres 
radiate backwards, to be inserted into 
the mediamraphe on the back of the 
pharynx, the upper fibres overlapping 
the lower part of the middle con- 
strictor, the lower fibres blending 
with the muscular fibres of the oesophagus. 


Eustachian tube 

Lbvatoii palati 
MUHOLB (cilt) 
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Ftcrygo-iuaufll- 
bular ligaiiitiiit 
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Fw. 285. — POSTEBIOB VlKW^O*' THK PHAUYNX AND 
CONSTBICTOB MUSOLBS. • * 


Below the lower border of the HiiiBcle 
the inferior laryngeal artery and nerve enter. into relation ^with the larynx. 

The deeper longitudintd stratum of muecleB in the pharyngeAi^all is com- 
posed of the; insertions of the stylo-phalyngeus and palatcnpharyngfeus. 

• The Btylo-phaotyng'eUB niUBcle arises from the root of the styleid process bn its 
inner aide, and passing downwards between the carotid arteries, enters the wall 
of the pharynx in the interval between the superior and middle c^onstrictor muroles. 
Sprbadihg but beneath the middle constrictor muscle, it is^inserted into the supeHor 
and ;^sierior borders 0^ tliyroid cartilage and into the wall of the phajiynx^ 

posteriorly with the palato-phaijngeus; In the hbbh 
the ffJo^TpiisayiigeaJ n ' f ■ 


TKb pnl^^ . pT*ii^f ^j^g ocBnpies the soft patote and the pharya^ In 

the Bdbsbbhbe of I;hb;B(jf^ pBlatb it two layers, a jibsterbi-su^rior lay^ 

huddle Bab tlw ; 

iiTi layer. ^wBich is thiokeritand Is attach^ 

i^ia-ihbinbbte 
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constrictor. The muscle is placed beneath the middle and jnferior constrictbm in 
the pharyngeal wall, and the fibres of the muscles of opposite sides decussaftp in the 
middle line beneath the median raphe. 


. The Muscles of the Soft Palate. 

• 

The muscular fold of the soft palate and uvula is composed of five pairs of 
muscles on each side, attached to tne skull, hard palate, pharynx, and tongue— the 
palato-pharyngeus (aiyi salpingo-pharyngeus), azygos uvulae, levator palati, tensor 

palati , andpalato- 
glossuB. " 

' The palato- 
piiary ngeiEs 

muscle haw been 
already described- 
(p. 389) Tmong 
the muscles of the 
phurynx. 

The az,ygos 
uvulae consists 
of two narrow 
bundles enclosed, 
along with the 
insertfen nP tiie 


Buccinator 



■Trnsor palati muscle 
Eustachian tube 
Levator i*alati * 

Pterygo-iiiandibnlar 

ligament , . 

Superior coNSTRicrtiR JGVfltor pcLillti, 

Stvlo-pharyngeub 
Stylo-olossus 
Grl ORNO phary ugcal 
nerve • • 

Stylo-hyoid ligament 
Hypoglossal nerve 

Middle constrictor 

•Dioarthic 
Superior laryngeal 
nerve 

Inferior conhi riotor 


External laryngeal 
nerve 


between the 
layers of the 
palato-pharyn* 
gens. The slips 
arise from the 
posterio:^ nasal 
spine* and the 
aponeurosisof the ' 
soft palate, and 
unite as they pro- 
ceed backwards to 
end in the uvula. 

The levator 
palati has a 
double origin: (1) 
from the under 
surface of the 
apex of the petr 
rous portion of 
the temporal 
b6ne,and ((^froin- 
the low^ part of 
the cartilaginons 
Eustachian tubA :i 

It passes obliquely downwards and inwards, across the u^per border of the superidf v 
ccmstrictor muscle, and«afterward8 between the two layers of i^e palato-phai^gene 
muscle to enter the soft palate, into the aponeurosis of which it is ins^ed. : Some 
of its fibres become continuous with those of the' opposite niusiile. It is ze^^i^ted.': 
from the tensor palati by the Eustachian tube and the deeper layer of the j>alatQr‘c: 
pha^ngeus muscle. , ' 

-'"^e tensor (cdrdhmflexuz) palati arises , from the f^phoid f^sa tmd thAr^^ 
qiineof the sphenoid bone, and from the oute!b side of the eartila^bds E^st^hi^Mi 
tube. *ii descends between the internal pterygoid -muscle and the iuteima|;.:pter^fli 
gold plate, and ends in^a , tendon, which* hqola rouifd the hauiul^ )prpoeg^j 


Crico-thyroid 


— Gjlsophagus 

Inferior laiyngeal 


Pfo. 286. — Lateral View of the Wall of the Pharynx. 



iiisect^ beheath tlie levator palati into the posterior border of the hard palate, and 
iD^o thfi^aponeurosis of the soft palate. 

The j^atO-glosstiB muscle occupying the under surface of the soft palate and 
the anterior pillar of the fauces, has already been described with the muscles of the 
tongue (p. 382). 

» Nerve Supply. 

The chief nerve supply of the muscles of the pharynx and soft palate is the spinal accessory 
nerve, aided by the fifth (otic ganglion) and the ninth (glosso-phai*>mgeal) nerves and tlie laryngeal 
branches of the vagus nerve. • 'r, 

. • > 


* Muscles. 

« 

Nerves. j 

1 Origin. 

Co3»t^*i etui’s of idiarynx' 
Palato-glossus 

1 

. 

i 

Palato-pliaryngeus 
Levator jialati 


Pharyngeal jdexus . 

1 XL 

Azygos uvulfe J 

j 

i 


Tensor jialati . 
Styl<>liliaryngeii8 . 


Otic ganglion . 

Glosso -pharyngeal . 

V. 

' • « ! 

1 IX. 

Inferior constrictor . 

1 

/External laryngeal i 
linfenor laryngeal / 

! X.- 
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Actions. 


The muscles of the pharynx and ^oft palate are cliieily brought into action in the act of 
s^alle^ng«» This act is divided into a voluniary stage, in wliich tlie bolus lies in front of the 
pillars of the fauces, and* an during which the food passes from tlie mouth 

through the pharynx. The movements occurring during tlie passagi of food througli the mouth 
are as follows : the cheeks are cximpressed by the action of i;lic luiccinator muscles ; tlie tongue, ; 
hyoid boTie, and thyroid cartilage are successively raised ujiwards liy the action of the muscles 
?ynich close the mouth %iid elevate the hyoid bone. By these means the food is pushed back- 
wards between the inllai's of the fauces. 

At the same time, by the contraction of the palato-glossus and jialato-pharyngeus, the pillai’s of 
the fauces are narrowed, while the muscles of tnc soft palate, contracting, tigliten^the soft palate, 
and l>y j^piuging it in contact witli the ])osterior wall of the pharynx, slmt off the, upper (nasal) 
portion of tli# cavity. The elevation of the toiigue, h>c)id bone, and larynx si^uftaneously r^iise 
, the epiglottis and the opening of the glottis, which is closed by the approjymation of the arytenoid 
cartilages and tlie combined action of laryngeal muscles (aryteiioideus,*tbyro-arytenoideiip, and 
thyro-aryteno-ejiiglottideus). The food thus slips over the posterior surface of the e}1iglottis and 
the closed opening into the laiynx, and l:»etwedh the Pinal’s of the fauces on either side, to the 
pharynx. It is now clasped by the constrictor muscles, Avhich, by frequent contractions, force it 
down into the oosophagus. The contraction of the const«iiCtor inuscle.^*results in a flattening of the : 
pharynx and elevation of its anterior attachments,, ^ 

During swallowing the tensor palati, besides, stretching the soft i)?ilate, i^ge:<»rally regaidod 
^ opening the Eustacman tube. It has been held, on the other hand^ that the Eustachian tube is 
clo^pd during swallowdiig by the comiiression of its wall by the conmiction of the levator iialati. 

AND BBBVBBTBBRAL MDSCLBS OB THB NStK. * 

Threfe^^H^es of muaclw^^^ this grjup: (1) v«rtebro-cQ8tel 

aarious, mei^us, vertebro^craniaL (recti ca^s anti^^ 

major- ^d* Jprineir, an<J '^^ and (3.) .yertebral (loillgus co^). , 

- ^ anterior tuberciBS of. Xhe.traiiBveriiOi; 

third, fourth, fifth, and sixth cervical vertebrae.* and deaoenda = 

rafeirid ytea^ ridg^ oa ifeSi 

Mflfebbt oftthoidtui^^ aadi mt^dl 
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The scalenus posticus arises from, the posterior tuberqlles of the fourth, fifth; 

and* sixth feervigal 
transverse ♦: processes, ^ 
and is inserted into the 


rough impression on 
the outer side of the 
second rib. Lt is 
concealed behind by 
ihe levator Anguli 
icapplse, and is in 
Dntact anteriorly 
with the scalenus 
medius. * ^ 

The rectus dkpitis 
anticus major arises 
from the anterior 
tubercles of the trans- 
verse {a*ocesses of the 
third, fourth, fifjh, and 
sixth cervical verte- 
brae It forms a flat 
triangular muscle, 
'vjhich is directed up- 
wards, to •be rnfieited 
into the basilar process 
of the occipital bone 
behind the pharyngeal 
slune. It Hes on the 
cervical vertebrae be- 
hind the carotid 
vessels ai\d the 
I)harynx, • external • to 



Longus colli; 


Scalenus posticus 


Fia.* §87 . — The Prevkrtedual MusciiES of the Neck. 


the longus colli, and internal at its origin to the scalenus anticus. 

The rectus capitis anticus minor arises from the anterior arch of the atlas, and 


Posterior 
tiilie roles of«j 
trails vers?) 
processes 


Scalenus medius 
Levator ANOULi scAPULiW 
, • Splf.nius colli . 
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.Uirtioular 
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_ Anterior 

Rectus capitis tu^<cles of 
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^nsVerse. 
processes . 


—Longus colli J 


Fig. 288. — Scheme of Musoulab Attaqbments to Cervical 

is inswfed into' the basilar process between the preiTious muscle and thi^'forss^'^^^ 
magnum. It is poncefled by the rectiis c$ipiitu( anticttS; major. f - I 



The longus colli isip. flatteijed muscular band extending from the third thorapio 
yei;^ebi:a Ho the atlas, It is 'divisible into three portions — a vertical, a lower 
•oblique, a»d an upper oblique portion. 

. The vertical portion of the muscle arises from the bodies of the first three 
thoracic and the last three cervical vertebree; and passing vertically .upwards, 
is inserted into the bodies of thd second, third, and fourth*cervical vertebne. 

The lower oblique portion arises from the J)odies of the first three thoracic 
vertebrsB, and is inserted into the anterior tubercles of the fifth and sixth cervical 
vertebr^^ • » / 

The upper obli|Lue portion arises from the anterior tubercles of the transverse 
processes of the third, fourth, and fifth cervical vertebne, and is directed upwards, to 
be^serted into thft anterior tubd'cle of^the atlas. 

The longus colli clothes the front of the vertebral column in the neck, and 
is seArated by the deep cervical fascia from the carotid vessels, pharynx, and 
csscpl^us. 

Tffe rectus capitis lateralis, in series with the posterior inter - transverse 
musclps in the neck, arises from the transverse process of the atlas, and is inserted 
into' the unde? surface of the ex-occipital bone. It is placed alongside the recti 
capiti^ antici, separated from them by the anterior primary division of the first 
cervical nerve. 

Neuve SufrLY. 

The preyertebral muscles are all supplied by anterior primary divisions of the cervical spinal 
nerves: the rectus capitis anticus minor, and rectus cai>itis lateralis, by the loop between the first 
tw(4 »ei5g«es ;^he rectus capitis anticus major by the first four ; tffe longus colli by the second, 
third, and fourth ; the scaleni by the lower four or five cervical nerves. 

Actions. 

. The movements produced by these muscles are conshlered along witli tliose of other muscles 
acting oil the he£td, spina! column, and thorax. 


18 
upper 


THE MUSCLES OF THE THORAX. 

' Muscles or Ebspiration. 

• ' . 

The muscles which complete the boundaries of the thorax are the diaphragm\ 
and intemostal muscles (external and internal), along with three series of 
smaller musples— the tiiangularis sterni, the 'levatores qiMtarum, and the infra- 
costales. • 

The intercostal muscles are arranged in eleven pairff, forming thin layers 
filing up the intercostal spaces. * 

from the sharp lower b<Mer * of the ribb and 
directed downyrard and forwardj to be ihwrted into the outer ed|[e of the 
holies of the nb below- It extends from the tujjercle of the rib ! 
be&nd ij^ly to the costal cartilag© in front. X^e anteridi' intmosta^ 

. 'ia continuous '^th it anteriorly, and extends forwards tp ’lhe side of 

the steimum. . T- , j ' 

' ' T?he thd costal cartilage ah<f the inher edige of the ; 

bttlMpai^ w^iairecfeS,; into t^e/ 

inner eSM i&e cartilage below. It exi^n^; ;; 

frbni^^n'a^^^ of the rib b^ind^y^ 
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a fan-like manner as they descend, to be m8erte4 into tke o^ter surfitoe^ 
ribs posterior to the angles. They lie under cover of the longissii&us dersi 
muscle. '* 

Tlie infira-costales (subcostales) are slips of muscles found on the inner surface 
of the lawer ribs near their angles. They are in series with the internal inter- 
costal muscles, but pass over the deep surface of several ribs. 

The triangularis sterni (m. trans versus thoracis) occupies the posterior aspect 
of the anterior thoracic wall. It arises from the back of the ensiform cartilage 
and mesosternum as# high as the level of the third cbstal cartilage.' lirom this 
origin its fibres radiate outwards, the lower ones horizontally, the ijpper ones 
obliquely upward^, to be inserted into the costall cartilages of alb the true ribs 


Kxtekmal intercostal 
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Fig. 289.*--The Muscles op the Thoracic Wall. 


except the^lirst and seventh. The muscle lies against the pericardium and. 

It is separated from the chest -wall by the internal mammary vessels and the 
anterior branches of the intercostal nerves. The muscle is continuous below with 
the transversalis abdominis. • . — ^ 

f The diaphragm w the great membranous and muscular partition separating: 
the cavities of the thorax and abdomen. It forms a thin lamella arching bverj;^^^^ 
the liver, stomach, and spleen, with its convex upper surface in Contact teith^^^t^^^ 
pericardium, pleura and chest-wall. It possesses a peripheral origih;- fe 
sternum, ribs and vertebral column, and an i^nsortioh into^ central tendphV^^^^^^^^ 
arises^ (1) ant&rioHj/ tvom the posterior surfi^e of the ensiform cartiteg^;^^^^^^^^ 
slender fleshy slips," directed backwards; d^^ 

lower lux? ribs on each side by fleshy bands "(^ich interdigitate 
transver^lis abd^ini^^ j(3) po$feriorli^ {toti <bC;;;|umbar vcrtcbl!^ 



TilE muscles of the thoeax. m 

The criira are two elongated fibro-muscular bundles 
arijpe from th6 front of the bodies of the lumbar vertebra?, on the right side from 
the the left side from the first two vertebrae. They are directed 
npwards> and passing in front of the aorta, decussate across the middle line in front 
of that vessel, the fibres of the right crus passing in front of those of the l^ft crus. 
The fibres then encircle the oesophagus, forming an ellipticaf opening for its passage, 
and finally join the central tendon, after a second decussation in front of the 
gullet. 

The arcuate ligaments are five in number. ' » , 

The middle arc^te ligament is a fibrous arch connecting together the crura of 
the diaphrS^m in front of the aoilja, and giving origin to fibres which join the crura 
as they decussate tc^encircle the gullet. 

^he internal «rcuate ligament is a thickening formed by the attachment of the 
psoas fSscia to the body of the first lumbar vertebra internally and its transverse 
prpcoss externally. Stretching across the upper end of tlie psoas muscle, the 
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to muscular- fil^res ctircoted upward on eaoh'sidfl of the . 

thickened uppfer end of the fascia over the 
d<l^dtiitos*luffife^hi-(i^^terior -Juj^or of': the lumbar fascia),, uto is aftaohed- intorr. 
nMi^id ^ M the first lumbar vertebra, and exWrn^Uy tb th® : 

Ikt muscular fibres, sepaxat^ :- 


U‘ 
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■f 

origins ; the inusculo-phrenie artery passes between the att^hments to the seventh ^ ; 
and eighth ribs. The sympathetic oord and the splanchnic nerves pieKg or^f^ss .' 
behind the diaphragm; the last thoracic nerve passes beneath the external arcuate 
ligament ; and the aorta, the vena azygos major and thoracic duct pass betwtem > 
the crufa, beneath the middle arcuate ligament {aortic opening). The special 
foramina are two in nhmber. The foramen quadratum in the right lobe of the ‘ ^ 
central tendon transmits the in|[erior vena cava, and small branches of the. right 


Vena cav^l opening CRsopluigeal opening Central t^clon (middle i>art) 


Central tendon (right fiart)- 
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! Obturator nerve 

Adductor lonoub (origin) 

Adductor brevis (origin) 

Graciub (origin)) 

Adductor MAGNUS (origin) 

1 Pectinbus (cut) 

! Superficial branch of obturator nerve 
Deep branch of obturator nerve , 

Obturator kxternus • 

~ViKW*OK TH]/ Posterior Abdominal Wall, to show the Muscles and the NiteVEs of 

THE LUMBO-SaORAL PLEXUS. 


phrenic nerve. The oesophageal opening is in the musculat substsinte 
diaphragm, behind the central tendon, and is surrounded by a ftphiheteril^^ 
^dngement^f 'the crural fibres. Besidte the msoph&gus, tide V)^nipg- 
the two pneumogastrio nerves. Th® up^r tenvex surface of tlm /di&pbrh^; fo^^ 
the sldping floor of the thorax, and is in Contact with the pleiM»iMd?i,t%:p^|.| 
cardium (which js fir;^ly bound dowuHw the centtel tendon, and 
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ihuspular fibr^^ the^ left side). By its lateral margins the diaphragm is in 
CQiLteGt with the thoracic wall beyond the reflection of the pleura, and behind with 
the Tesophaigus and descending thoracic aorta. The under surface of the diaphragm 
is cbiicave, and is for the most part invested by peritoneum. It is in relation with 
the liver> stomach, spleen, kidneys, suprarenal bodies, duodenum and pancreas, the 
inferior vena cava, and the branches of the coeliac axis. Its vault is highdr on the 
right pide than on the left, owing to the upward projection of the liver on that side. 

The diaphragm is found as a complete sei)tum between the Uiorax and al)doiiien only in 
mammals, is occasionally deficient in the human subject, \n'(}dncing4ierma of the diaphragm^ 

either into pericaidial cavity tliroi^li the central tendon, or into the thoracic cavity thi'ough 
the lateral portions of the musclet , A rare condition is congenital deficicticy of a part of the 
lateral half of the niuacle, generally pljced posteriorly, and on the left side- This productjs, by 
couHbuity of the peritoneum and pleura behind the diaphragm, a congenital dia^)hmgmat%c 
hernia, ^ 

• • Nerve Supply. 

* The intercostal muscles, levatores costarum, infra-costal muscles, and triangularis sterni, arc 
all supplied by the anterior primary divisions of the intercostal nerves. Tlie dia]:)hragin receives 
its, chief, if not its^entire, motor supply from the phrenic nerves (C. 3. 4. 5.). lli is innervated 
also by the diaphragmatic jilexus of the sympathetic, and is said to receive fibres from the lower 
intercostftl nerves. 

\ Actions.* 

The act of* respiration consists of two opposite movements, inspiration and expiration. 

1. The movement of«expiration is performed by (1) the elasticity^of tlie lungs, (2) the weight 
of tttb ^bS&t ^Wlls, (3) the elevation of the diaphragm, (4) the action of muscles — triangularis 
sterni and muscles of the abdominal wall. It is sometimes stated that the interosseous fibres of 
,the internal intercostal muscles are depressors of the ribs. 

2. The movement of inspiration (the elevation and forwai*d movement of the sternum, and 
the elevation and eversjpn of the ribs) produces enlargement of the thoracic cavity antero- 
potteriorly and transversely. Its vcrticfil diameter is increased by the descent of the (liaphragm. 

The muscles of inspiration are divided into two series— oi-d inary and accessory. 




* ^ a. Ordinary Muscles. 

b. Extraordinary and Accessory MiVKSles. 

• 

Diaphragm 

Intercostals 

Scaleni r 

Serrati postici 

Levatores costarum 

Quadratus lumbonim* 

Pectorales ^ • 

• Serratus maguus 

Sterno-niastoid 

Latissirnus dorsi • 

Infra-hyoid mus^cles ^ 

Extensoi-s of the sijjne * ^ 

^ -y- ..... 


Of the ordinary niuscleB, the diaphragm is the most imiwrtant. Its action is twofold- 
' contrifa&^i elevatiiig the ribs and increasing the transverse and antero-positfirior di^ieters oi 
the thorax, and »kt4peta^ drawing downwards the central tendon and increasing the vertmal . 
diahieter of the l&iorax. Of the two movements the former is the more imfortai^l^ rhere h^ 
hooTi diversity of opinion regarding the action of thw intercostal mu^tes. It w 

cenetallV that the external liiuaeles elevate the ribs 5 it is probable that the whdle of each ' 

mterhal!»»'aoia^ the »me iray, although it has been stated by different observers that the ; 
wTinlc Tniiiwlft is a depressor! or that the inhirosseous part uffa deprAsor, the mtei?-; ; 

miisele -/ 
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•FASCI/E. : :: -'v'^;;;;:.:.< 

r 

The fasciije of the abdominal wall are — ’emUrnoclly^ the superficial and d«ep fasgw i - 
internally^ the fascia transversalis, continuous with the diaphragmafeic, lumbari 
psoas, iliac, and pelvic fascioe, and lined within by the extra-peritoneal tissue; 

The ^superficial fascia of the abdomen is liable to contain a large quantity 
of fat. It is separated in the groin into two iayers: a superficial fatty layer 
continuous over Poupart's liganjent with the fascia of the front of the thigh, 
and a deeper membranous layer attached to the inner half of Poupart’s ligament,; 
and more externally, to tiie fascia lata of the thigh below Poupart's liganjent. The 
two layers are separated by the lymphatic glands and the supei;fiQial vessels of the 
groin. Higher u^ in the abdominal wall the two layers blend together, 'and traced 
downwards over the spermatic cord, the^ unitfe to form th6 fascia and dartos 
muscle of the scrotum. The attachment of the fascia to the groin prevents the 
passage into the thigh of extravasated fluid in the abdominal wall. ^ 

The deep fascia of the abdominal wall resembles similar fascife in other situa- 
tions. It forms an investment for the obUquus externus muscle, and becomes thin 

and almost imper- ' 
c^tiblein relation 
to the apo]^eurosis 
of that muscle. 

The fascial lin- , 
ing of the ab- 
domihal cavity 
(fascisr' ^ralisver- 
salis) consists of a 
continuous layer 
of membrane 
which receives 
different names 
in different parts 
of its extent. It 
covei^s the deep 
surface of the 
transversalis mus- 
cle, and is con- ^ 
tinuous internally 
(through the 
lumbar fascia) 
with the fasciee of 
the quadratus 
lumborum and the 

psoas. ’It is c«n tinuous above with the diaphragmatic fascia, and below (the iliac ' 
crest and PoupaT’t’s ligament intervening) with the fascia iliaca. Along with the 
last-named fascia it forips the femoral sheath. It is pierced by the spermatic cord ^ 
or round ‘ligament at tlie internal abdominal ring, and forms the inflmdibiUifow 
fascia. It is lined internally by the peritoneum, from which it Is separaJ^d by a ; 
thick layer of extra-peritoneal tissue. • 

The extrd-peritoneal layer of tissue is usually loaded with fat; it envelops the } 
kidneys, ureters, supra-renal capsules, abdominal aorta and inferior vena cava and 4 ? 
their branches, and forms sheaths for the vessels and ducts (ureter, vas deferens, ^ 
etc.). It is continuous upwards into the thorax through the aortic opening in the 
diaphragm, and below is in continuity with a similar tissue in the pelvis. It hot 
only completely invests the kidneys and suprarenal ‘capsules, but it also bec®^^^ 
interpolated between the layers of peritoneum iipholdihg and envefoj)ing^^^^^^ 

This tissue is absent in relation to the dhtghragm. ^ ^ ^ iS? Sf 

“ ^THE MUSCLES OF THE"ABDOMI]SrAL,.WAL%-^ 

Thft lateral muscles comprise the ob%uu8 externtts, obliq^^ 


Snporlicirtl layor of 

siipcillcial tuschi ] 


Suporlicial (tirciunflex iliac vessels 
Inguinal lynipluitic glands'-- 

Deep layer of Kin»erficial fascia 
Femoral lymphatic glands 

^^^h’ural branch of 
genito-erural nerve' 
Suy)orticiaJ layer of- 
' <.sim#*rHciaJ fascia 

Internal saphonoif vein 



Deop layer of 
supertlcial fascia 
.Superficial 
epigastric vessels 
Hiii)erficial layer of 
superllcial fascia 
Suiierior exteri4,al 
pudic vessels 

llio-inguhial nerve 
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iThb GiioiNfj Struc’tuues between the Layers of 
Superficial Fascia. 


intestines. 


transversalis abdominis. 









Bbctus abdominis 


. ’the. obliquiiB ^xternus abdonunis is a broad thin sheet of inusclej with an 
’drijtih /»pm the 
«n^r surfaces of 
^ the lower eight 
ribs, by slips which 
interdigitate with 
the eerratus mag- 
nus and latissiniuB 
dorsi. muscles. 

The illascular 
fibres 'Radiate 
downwards and% 
folWards, the low- * 
est flares passing 
•^^rticaIly down- 
wardsT to be in- 
' sorted directly into 
the outer Up ofihe 
iUao crest in its 
anterior half or 
two-thirds. The' 
rest of the muscle 
is, inserted "in to an 
extsBsiro —•trian- 
gular aponeurosis 
covering the an- 
terior abdominal 
vralL 

neurosis is broader . , . . ^ . ..i. • u ,.1. iv 

below than above ; it is umted with part of the aponeurosis of the obhquus 
internus in the upper three-fourths of its extent, to form the anterior layer of 
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. Fra. 293.— TllANfiVERSE SECTION THROUGH THE ABDOMEN, OPPOSITE THE SECOND 

This apo- Lumbab Vkbtbbha. 


ObLIQU 08 KXTBliNOfl MUWx'LE. 

. Aponeurosis of obliquus externtis- 
IhtoiiJolumniiiiflbreB. 



Eleventh thoracic nerve 

Twelfth tlioraclc nerve* 

A ■ .1 

Illo'^hypogastrlc ner;*» « 

fntSal i of external abdoniijial ring 

External abdominal ring ^nd sperinatic coM. 

■■■• . .'o ■..■■■ • ■■■■ ■ ■ 

Bosj^ensory ligament of ponls*^, 

Hjp-lngulnal nerve . • ’ 

o.;':' 

Body- of penis ' .. 
jiartos .muHcle' of iibi^tum ' ■ ■ 
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alba, a broad interlacing band of fibres which occupies the middle line of tfie - 
anterior abdominal wall in its whole extent, and forms the gfeater of the;: 
ultimate insertion of the lateral abdominal muscles. « * ; • 

The upper part of the aponeurosis on the chest- wall covers the rectus abdominis 
muscle, and gives origin to fibres of the peotoralis major. Below it gives rise tb 


Sterno-mastoid 

T^^lAl'KZfJS 


filIBCLA?aUS 


€ 

Coracoid 
process n 

PECJI'ORAIAS 
MAJOR (divided) 

Peotoralis 

MINOR 

Pkctoralis 
MAJOR ^^divided) 



PVRAMIDALIS AJlDOMINIS 


Poiii)art’s ligament 

f I 

Exteriuil abdominal ring 


Triangular fascia- 
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Poupart’s ligament, Gimbernat’s ligament, the external ; abdominal ring' ^ 
two pillars, the intercolumnar fascia and fibres, and the tiiangular 

Poupart's ligament is an arched fascial bandivwhfch extends froni the.^ 
siipeiior iliac spine to the spine of the pubi^, over the^ ^liacus,Apsda«^an^^^^^ 



part 


oxgigin 







and attach^ the transveiaalis and fascia iliaCa ; the inner part forms the floor 
■ df the iiiguiual oinal. At its iliner end a triangular hand Of fibres is refleoted horizon- 
t^ly backwards to the ilio-pectineal line; forming Gimbemat*8 ligament, the outer 
edge of which limits internally the crural ring. The femoral vessels in the femoral 
sheath enter the thigh beneath Poupart*s ligament, in front of the psoas muscle. 

The external abdominal rinft the place of exit of an inguinal hernia, iS a split in 
the. aponeurosis of the obliquua externus, just above the spine of the pubis. It 
transmits the spermatic cord, or round liganfent of the uterus, covered by the 
cremaster muscle or cremasteric fascia. The opening is of^considerable extent, and its 
edges ate drawn together by a thin fascia, strengthened superficially by a number 
of archeThand horizontal fibre8,®the intercolumnar fibres, which gtrise from Poupart^s 
ligament and swe«p inwards aciloss the cleft in the aponeurosis. 

The mar^as df the ring constitute its pillars. The external pillar is narrow, 
and ts formed from that part of the aponeurosis which joins tlie pubic spine, and is 
continuous with 
the Tiiher end of 
Ppupart’s liga- 
rueht. The ein- 
temal pillar is the 
part *of the apo- 
neurosis internal 
to the ring which 
is attached to the 
cr^ sym- 

physis of the 
pubis. It is flat 
and broad. 

The inter- 
columnar fibres 
and the j)illars of 
the external ab- 
dominal ring are 
continuous with 
a thin tubular 
sheath, the inter- 
columnar Or ex- 
ternal spermatic 

fascia, which foi’ins an envelope for the spermatic cord dr rouind^ liga^jnent beyond 
the external abdominal ring. • > 

The is a triangular band of •ribres placed behind thfi 


OBL1QUU8 EXTEUNUa 


Obliqudb intern (JS 


lllo-hypogaatric nerve 

• Ilio*ingiiiiial nerve — ■ 
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Apoiieuroaia of 
-obliquuH 
extiu'iiiis (cut) 
Twelfth tlioracle 


Triangular fascia 

Sporniatin coit.1 
Suapensory liga- 
ment of i>enlB 
Intercolumnar 
fascia 

Dartos muscle 


Tbe structures seen on removal of part of tlio 
obliquua extomua. 


gul, 

internal pillar of thg external abdominal ring. It consists dS fibres , frorn the 
ejcterii^ .0^ a^neurdsie, whioh. having traversed tbe liiiea.alba, gaiii 
insertiQiiiiatp the crest ah<i spine of thei pphis on the opiate side. 

0 : Tlie Pbliqnukhxterhus mnsde is superficial in alhio^t ite whole.extettt.^> 
Qverteppe^v posteriotlf . hy the latissimus dprsi nifiscle, but may 
it jiiist*abbye>^i»eiiUao crest hy an angular ittteryed (tfaabgle of Petit). ; ; ■ 

(1 ) ;)bbp dqmpar^fiw^itfe 
.thp:-puter;bfdf:: pf;.--)?pu|^.t?Sv/,lii^^ 

Wyp- tbrMp: ' todSt' p^:, W 
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The obliquus intepuus is limited above by the costal arch. Its lower ' ; 

archiiig over the spermatic cord, assist in forming, externally, the anterior waU of : 
the inguinal canal; internally, by means of the conjoint tendon, its* pOsterfor . , 
■wall. ' ■ ' 

Its lowest fibres are continued into the cremaster muscle, prolonged along the 
spermatic 'cord, through the inguinal canal. » 

The cremaster muscle may be Said to have an origin from the lower border of’ the : 
obliquus internus, and from the middle of Poupart’s ligamept. It forms a thin sheet, ’ ; 
enveloping the testicle 'and spermatic cord ; its fibres are arranged in loops which arch : 
over the Dol'd, and are inserted into the fascia, and to a, less extent (up^fermost ^res) into 
the pubic spine. Tile muscle is more lai^ely represented by fascia ^n the female, and 
constitutes the cremasteric fascia. ^ i? 

The transversalis muscle arises (1) from the under surface of the Postal 
cartilages of the lower six ribs, interdigitating with the origins of the diaphragm j. 

(2) from the lumbar fascia ; (3) from the anterior half of the inner lip of tfie' iliac 
crest; and (4) from the outer third of Poupart’s ligament. The muscular fibres * 
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' * i. 

are directjjfd for the most part horizontally forwards, and end in an aponeurosis 
which has a twofold insertion. (1) After forming (along with the agoneurosis of 
the obliquus ,.intef-nus) the posterior layer of the sheath of the rectus, the 
aponeurosis* is attached to the ensiform cartilage and linea alba. (2) The lowor 
fibres of the. muscle are joined by the lower part of the obliqwjs interpus to 
form the conjoint tendon, which passes in frqnt of the lower part of the fiaqtus 
muscle, to 6e inserted into the crest and spine of the pubis and the ilio-pectiu^ 
line. . ■ 

The transversalis muscle is separated by the lower intercpstal nerves from -the 
obliquus internus^^musc^, and is lined on its deep surface by the, transyersaUs |a^ 

Its? lower border forms a concave edge, separated from Poupiarb*s Hgameniv^ 
lunular interval filled by the transversalis fa^ia, through w^ich the sgei^^ 
cord emerges at the internal abdominal ring, under cover of the obUquijs 
muscle. 

Xb3 anterior musoles of the abdominal wall include 
rectus abdomini^ enveloped by the rectus i^eabh, on either ei(^ 

.alba* ■ ' r ■• . > , ■■ I* 

The p^amidalis albdpiiunis is a smaU triangular mus^e axisiu^^ 
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AOS 


• crest in front of the rectus muscle. It is directed obliquely upwards, to be inserted 
for a variable distance into the’linea alba. The muscle is often absent. 

. ^be r^tus abdominis muscle is broad and strap-like, and arises, by an inner 
and an outer head, from the syinphysis and crest of the pubis. Expanding as it 
passes upwards, the muscle is inserted into the front of the ensiform cartilage, and 
into the fifth, sixth, and seventh costal cartilages. On its^nterior surface*are three 
or mpre transverse tendinous intersections (line» transversse), adherent to the sheath 
of the muscle; thejiowest opposite the umbilicus,* and the highest about the level of 
the costal arch. Enclosed* in its sheath, and covered anteriorly by the pyrainidalis 
muscle, the rectus conceals the superior and deep epigastric ^arteries, the terminal 
branches Ttf the loVer thoracic nerves (which pierce the muscle tC reacli the anterior 
aMominal wall), ttie fold of Dj)uglas, and the fascia transversalis. Tlio inner 
bdlder of the fUnsefe lies alongside the • 
linea %,lba ; its outer border is convex, 
aiidvforms the linea semilunaris. 

Tfle*sheath of the rectus muscle 

• is derived from the aponeuroses of the 
lateral muscles#of the. abdominal wall, 
which, after enclosing the muscle, give 
rise to*the linea alba in the middle hne. 

^ At the linea semilunaris, at the outer 
border of the rectus muscle, the apo- 
neurosis oi*the obliquus internus splits 
int^ntjfjaMikand posferior layers. The 
anterior layer, joined by the aponeurosis 
of the obliquus externus, passes in front 
of the rectus, and .constitutes the 
ajiterior lamina of the sheath. The 
posterior layer, joined by the apo- 
neurosis of the transversalis muscle, 
passes behind the rectus, and constitutes 
the posterior lamina of its sheath. 
oThis arrangement obtains in the upper 
three -fourths of the abdominal wall. 

Below the level of the iliac^ crest the 
sheath of the muscle is deficient 
posteriorly, and a crescentic border, 
the fold of Douglas, marks the lower 
limit of the posterior lamina. In con- 
sequence, the rectus in the lower fourth 
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-TU£ SuBATM ABDOMINIS 

JjlUSCLB. ^ 


SAUS ABDOMINIS, Anterior layei^of rectuH fihsath ; 
bt Fifth costal cartUiige ; c, Bixth cosUl cartllagcf ; 
df' Xiphoid cartilage ; e, Posterior layer of riectus 
sheath ; /, Transversalis fascia ; g. Peritoneum ; A, 
Linea alba^ . X» Peep epgastric aiiery,* 


A (I.), In the thoracic wall; ai.), In the upper three- 

of the abdominal wall^rests upon the quarters of the abdominA wall^ (III0» In the lowei: 

fascia trsinsversalis directt^^ Close ex- fourth of the abdominal wall. ^ • 

thin lay«r behind the muscle in contm- . 

uity '^tli fold of Douglas, and merg- 

ing bel^%ith#^ 

Tn thiS the rectus is covered.; 

f6i|tqH6yiy- byAhe ,c^ 

of Ahb>ob^ which is gradually, wjyajtato;' : 

'Tbe nj^ part of the roetnsi Ij^ng oAthe 
» singfo It^er of ai^Onmisoais 
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of the pubis. The wail of the canal is formed by Jhe aponeurosis of the' 
obliquus externus, and in its outer part by the niuscukr fibres of the* obliquus 
internus; the hack wail of the canal is formed by the fascia transversajis, and'’ in * 
its inner part by the conjoint tendon ; while the floor of the canal is formed by 
Foupart’q ligament, and in its inner part by Gimbernat’s ligament. The spermatic 
cord enters the canal, &fter piercing the transversaUs fascia, at the internal 
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THE Lhmbo-Sacral Plexus. <. > 


abdominal ring, and is there invested by its Jirst emodope, the inl^dibii^onn 
derived from the margin of the ring (fascia transversalis). ; It then pasa^ bbliqu^^; 
inwards, downwards, and forw^ds, below the lower border of the obliq'ius intlmua^ 
i mu^le, from which it carries off a second iwoespment, partly fasciai, partly mU^i^Eed?; J 
— the cremastefic faacia. Continuing its couise in fixint of the qohjoiiit 
it emerges through the 'external abdoininab rmg, from the edges of 
intercolnnmar fascia is derived, the.^Awi jw* ex^ned investment ih^i; 



Be$S^b^hV triajiflej bouiided by the line of Poupart’s ligament below, by the 
reetns * muscle internally, and by the deep epigastric artery oii the mesial side of 
.the ihteftial abdominal ring externally, is the site of one form of inguinal hernia. 
The spermatic cord passes over the base of the triangle, covered over by the 
aponeurosis of the obliquus e^gbernus. Behind the cord ^re the fascia transveraalis 
and the conjoint tendon, which may be said to form the floor of the triangle. 

The posterior muscles of the abdominal wall and false pelvis include the 
psoas (n^agnus and parvus) and iliaous, described already 3^3), and the quadratus 
lunibprum. , 

The^Uadratus lumborum*lies on the posterior wall of tHe abdomen external 
to the psoas, ^and Extends between the iliac crest and the last rib. It arises .from 
tne posterior* part of the iliac crest, from the ilio-lurnbar ligament, and from the 
tran^erse processes of the lower lumbar vertebra 3 . It is inserted above into the 
lower border of the last rib and the transverse processes of the upper lumbar 
vertebrse. It is enclosed between the anterior and middle layers of the lumbar 
aponeurosis (p, 365), and is placed behind the colon, kidtiey, and psoas muscle, in ^ 
front of the m'altifidus spinae and the lumbar transverse processes. 

Nerve Supply, jj 

• The nerve supply of all the foregoing muscles except the jisoas, cremaste?*, quadratus 
liimborunijfland iliacus, is derived fi*om the anterior primary divisions of tlie lower six thoracic 
ner^s. Th e pyramidajis muscle is innervated by tlie last thoracic ?aorve. Tlie cremaster muscle 
re(5*Iivesril!r Supply from the genito-croral nerve, whilst ilio quadratus lumbornm is innervated 
by the first tlirw. or four lumbar nerves. The jisoas and iliacus muscles are BUj)i)lied, directly or 
through the anterior crural nerve, from the second, tliiid, and finirth lumbar uerv(3s. 

. • Actions. 

' Many of the actions of the above muscles have already been given in previous sections. (1) 
Tlieir chief action is to retract the abdominal walls, and, by compressing the •’.contents of tlio 
abdomen, tbey are powerful agents in vomiting, defojcation, micturition, parturitiqu, and 
laJl^ourea exmration. (2) They are also flexors of the |j[)ine and pelvis — the iuu|^pfos of both sides 
, acting together ; the spine and pelvis are laterally flexed, when one sdt of niuscles acts afonOi. 
(3) The quadratus luniborum is a muscle of inspiration, an extensor of^the spine, and a lateral 
flexor of the spine and pelvis. ^ 


FASOI^ and MUSCLES OF THE P.ERINEUjM[ AND PELVIS, z 

, lASCI^ OP THE PERINEUM. •» * ' ' ' 

* Th^e:4ijLp$l^clili the perineum posseases certain special futures. It : 

is (Mjhiaauotis with the* superficial fascia of the e^Wominal m buttpefe,: . 

aud is prolonged ctt to the peiiis and sorotuim. In relation fo the j^nis, it is ■ 
(jevoidiof feit*and;c0nBi8ts oUly^ 0 tissue. In relation the, sorotuu^^ 

invrtluntary mnseular fibres, find constitutes the daxjios m 
and Uoriiigafcbg the skin of tfia 

; §1^ exteuding up^ds pud iUcoinplpt^a 

the two testiolasi and their tioii^ings. In the leintde ifie ^suporficlal^^ 

^the inons veueris^andlaiua'^^^ 

up;;th«r;ig<fiud^re^^ 
the .\reotuiu-;aufi;a#a^ 
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median raphe continuous further forwards with the septum of th0 scr0tu^ 
mentioned above. Anteriorly the fascia is continued over the spormaticrcbrds to 
the anterior abdominal wall. The importance of this fascia lies in relation to tlio 
extravasation of urine from a rupture of the urethra. By the fascial attachments 
the fluid 4s prevented from passing backwards into the ischio-rectal fossa, dr 
laterally into the thigh. Tt is directed forwards illto relation with the scrotum 
and penis, and along the spermatic cord to the anterior abdominal wall. -The 
septum of the scrotum being incomplete, fluid extravasated on one side can pass , 
across the middle line^o the opposite half of the perineum and scrotum. ‘ ^ 

The deep fascia of the perineuni is practically non-existei)t, except .in the 
form of delicate apdaeuroses of the muscles. * ^ 

? 

(V 

THE, MUSCLES OF THE PERINEUM. 

The perineal muscles are naturally separated into a superficial and a deep stjt by 
the triangular ligament.^ Superficially are the sphincter ani externus, transversus 
iperineisuperficialis, bulbo-cavernosus, and ischio-cavernosus ; boneatlij^the triangular 
ligament is the compressor urethrje. 

Sphincter ani Externus. — Tliis muscle is fusiform in outline, flattened, and 
obliquely placed around the anus^nd anal canal. It can be separated into three 
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kyers : viz. subcutaneous, superficial, and deep. (1) The ntost siiperfUsM l^ina 
consists of subciitaneotis fibres decussating behind and in ''ftont. of the anus, btt^ 
without bony attachments. (2) The spUncter ani superficiaiUs odostitutes' 
main portion of the muscle. It is attached posterio'tly to flie coccyx, 
front of the anus reaches the central point of the perineum. (3) The 
ctf the nluscl^ form for the most part acomplete sphinctej-fpr the a^l ehh^;l|||h^7 
are continuous wi,th the fibres of the levatdr ani ; they ehoirGl0*the anal. 
blend anteriorly^ with the central point v.of the periB^fiffl and tibe it^^ 
perineL ' ' y -.y . 


The muscle smTodhds the smus, covei^ only h|?^^ the 
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iHe cutid a^i (a series of non^striated inuscular fibres radiatiug^^^^^f^ the 

;^nal openiing). It rests on Ihe edge of the levator ani, and fonns the median 
l>oundar3i of the isohio-reotal fossa. 

The transversus perinei superflcialis is not always present. It consists of a 
. more or less feeble bundle of fibres, arising from the ascending ramus of t^ie ischium 
iiid the fascia over it, and froih the base of the triahgulalt ligament. Ifr is inserted 
mto the central point of the perineum. It cpnceals the base of the triangular 
ligament, and has a variable relation to the superficial perineal vessels and nerves. 

The bulbo-cavemosus (ejaculator urinee) surrounds tJie bjilb, corpus spongiosum, 

. and ipqp^f the penis. It is sometimes separated into two parts — posterior (com- 
pressor otilbi), and anterior (cbmpi'essor radicis penis). It araes from the central 
;^int of the jperi^cum, and froii. a median raphe on the under surface of the, bulb 
and corpus spongiosum. The muscultfr fibres are directed outwards and forwards, 
and%ave a triple insertion : from behind forwards, (1) into the under surface of the 
Jbrkingular ligament; (2) into the membrane covering the corpus spongiosum; and, 
(3) after encircling the corpora cavernosa, into the fascia covering the dorsum of the 
penis. ‘ 


The' ischio-bulbosus, not always present, arises from the ischium, and passes 
obliqfiely inwards and forwards over the bulbo-cavernosus, to be inserted into the raphe 
superficial to that muscle. It belongs to the same sAtatum as the transversus perinei and 
erector penis. 

The eompressor hemispherium bulbi is frequently absent. It consists of a 
tliiy layer •of • 


m!iscu^ar fibres sur- 
rounding the extremity 
of the bulb under cover 
of the bulbo-cavemosus. 

* The bulbo-oaver- 
nosuB (sphincter va- 
gin8e)^i7i the female is 
separated Into lateral 
halves by the vaginal 
and urethral bpenings. 
It forms two thin 
layers covering the 
vaginal bulbs, and 
arises behind the 
vaginal orifice from 
the eentical ; point of 
the periheu^ : 
teriorly it fe 

olitpris, of its 

iabres: • m 

'.'m? 


TAANSVBItAim 

PBRINKI 



Tjbvatqr AV.i : 


piutiicjiyB^;' 
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The pubo-oavernosus is an occasional slip arising from the pubic ^amus, ancl insdirtsd into< 
the dorsum of the penis. It corresponds to the levator penis of lower animals! ■ j = : ; 

The compressor urethrae (constrictor urethrae) constitutes the deeper fiiuacular 
stratum of the perineum. It is placed on the pelvic aspect of the triangular 
ligament. It arises from the lower part of the pubic j;amus, and is directed inwards, 
its fibres radiating so as to enclose the membranous urethra. It is inserted into a 
median raphe, partly in front of ther urethra, but for the most part behind it. The 
fibres most intimately related to the Urethra form a tubular sheath for the canal,, 
and have no bony attachments. 

The most anterior ciiid most posterior fibres of the compressor urethrae exist Sornetimes 
as separate muscles. r 

The transversus perinei profundus consists of a bundle of fibres on cither^ide, 
arising from the ascending ramus of the ischium just below the compressor urqthnjo. Jt 
is inserted into a median raphe continuous Avith. that of the compressor urethrae.*^ 'The*' 
muscle in fact constitutes a separate bundle below and behind the compressor urethrae. 

The ischio-pubicus is a term applied to a feeble bundle of fibres which, when 
present, lies above and in front of the compressor urethrae. It arises from the pubic 
ramus, and is inserted into a median raphe in, front of the membranous urethra. <i,This 
muscle is homologous with the oomp];0ssor venae dorsalis penis of lower animals. 

I* 


The compressor urethrae in the female is smaller than in the male. Its' 
insertion is modified by the relations of the urethra to the vagina., The anterior 


Corpus eavcrnosum 

((syt) — 
Nerve to corpus 
cavenipsum 
Nerve to dorsfvin 
of penis 

COMPRBSSOU DKBTHK^ 

'Nerve to bulb 
Trian^'ular ligament 
(posterior layer) 
Internal pudic nerve 



Bulb of i^uis 

Triangular ligament 
(autcrior layer) 


Crus penis 
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' Fig. 302. — The TRiANGUbAii Lwambnt^ok the Perineum, and the Termination op t^b Pudic Nerve. 

fibres are continuous v/xth those of the opposite side in front of the urethta ; thb; 
intermediate fibfes pass between the urethra and vagina, and the posterior fibres 
are attached, along with the transversus perinei profhndus (transversus vaginm),' into 
the side of the vagina. * ^ 

^ . * Nerve Stjppi;r. 

The pudic nerve (S; 2. 3. 4.) supplies all the muscles in this group j th® external sphihctep) 
through the inferior hemorrhoidal, and the others through the perineal branch of the nery 
The external sphincter is also supplied by the perineal branch of the fourth sacr^ nei^ 

■ ■ f ^ ■AcriONS.*W. 

. The External sphinctdr tloses the anal odnaL :;The transvnfous^ p 
Imck and fixGs the central point of the perineujn, assktod by ^ ' 

cavcrnosus of the i^e coijstrkts the Ifo apd^l^gk 
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> 4n female it atcts oa a feeble sphincter of the vagin^ The itfcUoi- 

cm^Q$a9 and bulba-cavernosus liolp in erection of the penis or clitoris. T])e compressor 
^onsjjTicts the iiiembranous urethra, and in the leraalc helps to flatten and lix th(i wall of 
the vagina. It also assists in cfiusing erection of the penis or clitoris by compression of the A^t*in8 
an relation to it. ^ 

FASCIA OF THE PELVIS. * 

The bony pelvic basin, placed obliquely, deeper and more hollowed behind than 
in front, is to a large extent completed by ligaments .(sacro-sciatic ligaments, 
obturator •membrane and triangular ligament). It is almost entirely clothed 
interiiallyTJy muscles: by the pyriformis on each side behind, the dl)turator internus 
at the side, and thq compressor ftrethra3 in contact with the triangular ligament 


Piiho-prostatic liganiontit 


Corpus apongioBiiin ptmis 
I Corpus cavernoRuni 
I j Su))erf}cial fascia of perineum 

■ OOMPUBSROR UBRTITRjK MU80LR 

Triangular ligament 

Posterior layer of triangular ligauicnt 
- Pubic arch 



Obtumtor lueinbrano 

OuTUUATOR INTBHNOH 

Parietal (obturiitor) layer of 
pelvic fascia 
— Iscliio-i'ectal fossa 
Anal fascia 

OUTUIlATOli KXTKKNUH 

Lbvator ani 

Visceral layer of pelvic fascia 

Innominate l»ono (ischium) 
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Fiu. 808 .— DissKCTioir OF THE Pelvic Fascia^ FROM ABOVK ((lingi’ammatic). 

in front; Inidwd/ tte boncfi or the ^ only appear in the jpavity*in totrU pl^s ; 
the spine of the isclfium pifbjeofe into the oavity laterally^and the pubis appears- 
:;init»ahterior-jWalL"> 

The pel'm fhsoit^ foiriM a oyliidriciil inembrane lining the wall of the pelvis, as; 
an a^on(Ejulpsis ioi: vits xhurolea and below t<f the Infet and ; 

hutiet of thh pelvis ; above to tbs proniontory of the sacrum, ilio-pactineal line, and,:., 
of the ;^uhie ; holow to the epedyx, great sacro-soiatic^ li^ment, fhhpr isohiii v' 
anH fra of thfl ^^riinholfur liga^ This oylindrical membrane* is the 

the pjrdfonhis fitscia Behind, <the ohtiuratior Ihsc^ 

peh^,;^and the 

wallvftv obteihisi' attahhifeehttf --tp/ihi^i: 
' :spihe-'6f -the . iaehinm-'.oh: each: side."-' 

thef>o|1^tpe;i«E^^ 
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THE MtJSOTTLAB SYSTEM^ 
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Fio. 304. — Obijqub Section across the Pelvis, to show the Disposition op 
THE Pelvio Fascia ani> the Boundaries op the Ischio-Bkctal Foss>i# 


where it forms a stout membrane concave upwards/ continuous niesiaUy .w^ 
the fibrous coats of the rectum and bladder, and enveloping th© vpitogtith i 
gland and vesicul® seminales. At the front of the pelvis this la;^r extehete; 

from the hawk of vy 
the pubis, ;tp?j 
which it is dir i; 
reetly att'swhedj : 
to the neck of ^ 
the bladder ahd : 
pros^Q. • glaiid, 
and ^ves rise to 
two folds -rfhe; 
^pubo-prostatic 
ligaments, en- 
closing ja ^hollirW 
between them,— 
the cavum Retzii.* 
The lateral por- 
tion of Jhe vis- 
ceral pelvic lascia # 
constitutes thG«i» 
rec^o-vesical 
layer, divisible 
into •^ee'^arts 

— vesical, rectal, and between these the recto-vesical layer, a partition insinuated ' 
between the rectum and bladder, and enclosing the vesigulao seminales and 
vasa deferentia. This visceral pelvic fascia thus forms a support for the pelvic 
viscera, and at the same time acts as a partition between the^pelvic cavity and the 
perineum. It is separated ' 

from the pelvic cavity by • internal lllac arter: 
the perijioneum and the 
extra-perit&ivml tissue, and 
is in contact with the 
levator ani on its perineal 
surface. The internal iliac 
vessels and their branches 
lie on the pelvic asptSpt of 
the fasciay:Hnd,:the parietal 
vessels pierce and are en- 
sheathed by if as they leave 
the pelvis. On tHe other 
hand Sihe spinal nerves 
(sacral plexus) Jie outside 
the fascia, ^ith one excep- 
tion. The obturator nerve 
and artery leave thp pelvifi* 
through a special holt) in the 
pelvic wall, After traversing 
the extra-peritoneal tissue. 

The pelvic fascia in the female only differs in slight detail from that of the male. 

It encloses the •neck of the bladder and vagina instead of the prostate 
invests the lower jiart of the neck of the uterus instead of the vesioulse 
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Fia. 306 . — Thk Outbb Wall op the Pblvis (peWc failci*).;: 


MUSCLES OF THE, PELVIS. 

The pelvic .diaphragm consists of several more or lead xkdmah 
slips, constituting the levator ani and ischio-cowygetts luhsolesi:#!^^ 
upholcfiihe pelvic floor, and |pe related ,fe) tte rectum and 
vagina. 




HtJSOpS OF 




(I) the back of the body of the pubis, (2) the 
jpaj^tai p#iYic or aToug the white line, and (3) the spine of the isohium. 

Its ubres are directed downwards and backwards, to be inserted into (1) the central 
point of the perinenm, (2) the external sphincter around the anus and the ano- 
coccygeal raphe behind the anus, and (3) into the sides of the lower sacral^and the 
coccygeal vertebrae. • * 

The concave upper surface of the muscle is^ covered in part by the visceral 


peritoueuiri 



Sac.rn*sc.iat.ic 

(rut) 


IHCUIOOOCCV- 
<;ku 8 (part of 
levator nnl) 


BPIllNCmSB ANI 
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imakt AND Mosootia WAW, of thk. Pbwis /irm Rkmoval op Pabt of tti* 

• ■■ ■■ uvmBsum IRosi. p 

'it\ia--iat''c6itfe6t with the rectum behind and’ tha prostate . 

■ .-g lte poBtenoT, 6^6 IS overlapped by the 

' coatact with;. the, postewor layen:of;.^e;:;' 

.Tiuboycocoviz^Bi:^: 
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The ischio-cpecygeus is a rudimentary muscle pverlapp^g t, He poate^r jSd^ 
of the levator ani. It arises from the ischial spine and the smaU sfed-EiiMftl^P c 
ligament, and is inserted into the sides of the lower two sacral and *^ppe?: ,tT!^ ;: 
coccygeal vertebraj. The muscle is separated from the rectum by the Sdscffl^itlr^ 
pelvic fascia, and is in contact externally with the^saoro-sciatic ligaments. ■ - " 

NEEVR SUPPIiY. i 

The levator ani is supplied by two nerves : by the perineal (niuscular) branches of the pudic 
nerve, and, on its pelvic surface, by special branches from the third and fourth sacral nerves. . 
The ischio-coccygeus is'supidied on its pelvic surface by the third and fourth sacral Aeryes. 

Actions. 

(1) The levator ani and ischio-coccygeus serve to ujiliold and slightly rg^ke the pelvic ff^or. 

(2) They are likewise capable of producing slight flexion of the coccyx. (3) Tlie anter^r fibres 
of the levator ani, in the female, sweejjing round the vagina, coinjiress its walls laterally, and 
along with the sphincter vaginae, help to voluntarily diminish the lumen of the tube. (4) TJlie 
same 2 >art of tbe muscle in the male elevates the pimtate gland (levator prostatte). (5)* The chief 
action of the levator ani is in defcecation. Along with the external sphincter it acts as a sjdhincter*^' 
of the rectum, closing tlie anal canal. During defsecation the muscle draws upwards the anus 
over the faecal mass, and so assists in its expulsion. (6) In •parturition^ iii the same way, the 
muscle, contracting below the descending foBtal head, retards delivery. Contracting on Jhe footal 
head, it draws ujiwards the 2ielvic floor over the^'fictiis, and so assists delivery. i 


THE DEVELOPMENT AND MORPHOLOGY OF THE SKELETAL MUSCLED 

Our knowledge of the development and morphology of the ifinscular ^ygj^h k very 
incomplete. It has already been shown, in the chapter on general embryology,' th«fi; the 



Fig. 307. , 

Scheme to iLLUSTBATii' 
THE Disposition op the 
Mtotombs in the Em-. , 

BKYO IN EeLATION TO 
the Head, TbUnk, and 
Limbs. 

^ ,B, C, First tliroe cephalic 
rayotomes ; N, 1, 2, 8, 4, 
Last persisting cephalic 
myotonies ; 0., T., L., S., 
Co., The rayotomes of the : 
cervical, thoracic, lumbar j 
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1., IL. III., IV;, y., VL, 
VII., VIIL, IX., X., XI;. 
Xll^ refer to the erdhiai:, 
nc?ve8 and thiVtouctires 
with which , they xnay : hi} ■ 
embryolpgically aasdfeif ^ 
ated. .V 


mcsoblast on either side of the embryonic ihedMlary tube s 




the myoberne, nephroitome, and latenil ldiMieft;!(soma<x}plei:u^;4hd 

The myotomies ace, probablv direct]^ or the koume 

of the whole body. . - Eftdh-cons&ts at fi^i^O'of’ 







tube and notbchbtd. dn either side. The cleft between its two 
"■rep^sbhts^tb^ 8f tlie coelomic oavity. in young eiribryos it is to be seen in an 

;^aetff e cdhaition of grow^ On ite inner sido masses of c< 


cells arise, which grow inwards 
the medullavy tub© and notochord to form the foundation of the vertebi^l 
boluinn; On its outer side cells appear to be given off w'hich participate in the 
formation of the cutis vera. At the same time the dorsal and ventral borders of 
the myotome continue to exteiA, and present extremities •(growing points) with an 
epithelial structure for a considerable period. On th^ dm'sal dde it overlies the medullary 
tube, and gives rise to the muscles of the back; while by its ventral extension, which 
traverses the somatopleuric •mesoblast in the b^y wall, it produces the lateral and 
yentraU^ftscles of the trunk. By an inward extension it probably* gives rise also to the 
; hypaxial mtAseles oi^ the neck and lOiii. The cells of the inner layer Jif the myotome are 
TOspQhsible for the formation of thejmuscle fibres. Elongating in a direction parallel to 
thif long axis of •the ehibryo, they give risotby fusion with the cells of neighbouring inyo- 
tomes%bo the columns and sh(?ets of muscles of the back and trunk. For the most part 
(e.y. back and abdomen) the originally segmental character of the muscular elements is 
Idfet by the more or less complete fusion of adjacent myotomes. The intercostal muscles, 
^ however, are the direct derivatives of individual myotomes. 

Muscles of the Limbs. — In fishes (eiasmobranchs) and reptiles there is evidence 
f^hat the myotomes are concerned in the formation of the limb-muscles by the extension 
of the ijjiyotomes into the limb-bud ill a manper similar to that' described for the trunk. 
In birds and mammals, however, in which the liml>bud arises as an undifierciitiated, 
i»unsegmented mass of mcsoblastio tissue, partly ftom the mesoblast surrounding the noto- 
vchbrd, and partly from the somatopleuric mesoblast, the myotomes stop short at the root 
of each limn, and do not penetrate into its substance. Instead, the muscular elements of 
the ^ysntyte^e^rigih inSependeiitly as double dorsal and ventral* strata of fusiform cells on 
the dorsal and ventral surfaces of the axial cartilages of the limb. Those strata are 
unsei/mented ; they are grouped around the skeletal elemenbS of the limb, and they 
g^dually become differentiated into the muscle masses and individual muscles of tho 


— Notwithstanding the obscurity and complexity of this 
subject, it appears certain that at least two series of elementary structures are concerned 
in the formation of the muscles of the head and face — tho cephalic myotonies and the 
musculatv structure of the branchial arches. 

. of myotomes originally existing inf;he region of tlm head^’lrtiot known, 

>lthaugh it is stated with some authority that nine were primitively present. The 
three kre described as persisting in the form of the ocular muscles, the last three in relation 
■ to it>be muscles 6f the tongue, while the three intervening myotomes disappear. 

table shows the probable fate of ►the cephalic ijjtyotomes :— 

Su:^nor,^m recti, obliquus inferior, levatcy: palpelne 


Bectus externm 
■^ighth,^ the tongue. ; . 

aarch^ is probal4jjr; w^c^ed m 


iiiom 


jf o'.- 
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By T. W. P. Lawkknce. 


Abdomen, fasciae of, 397, 398 
muscles of, 397, 398, 405 * 

Abdominal external, 401, 403 

interna], 403 ^ < 

wall, fascia3 of, 397, 398 
muscles of, 397, 398, 405 
Abduction, 251 . 

Abductor brevis pollicis muscle, 328, 334, 336 
liallucis muscle, 36], 364 
longus pollicis muscle, 333 
minimi digiti muscle of foot, 362, 364 
minimi digiti muscle of band, 329, 334 
obliquus pollicis muscle, 329, 334, 336 
Accessorius muscle of back, 368 
of foot, 360, 364 

Accessory jproA^sses of vertebra?, 80, 81 
Acetabulum, 207, 212, 213 
Acbromatic ^Aidle, IQ 13 e 

substance, 8 
Acromial (jngle, 182 

Acromion process, 180, 182, 183 , 

Adduction, 251 

Adductor brevis muscle, 345, 352, 353, 373 
longus muscle, .345, 352, ^53, 373 
magnus cTuscle, 346, 352, 353, 373 
minimus muscl(]‘,' 346 ^ 
obliquus ballu(ii.s iriuscle,si362, 364 
pollicis muscle, 329, 334 
trails vei’sus liallucis niuscle, 363, 364 
poJlifcis musck, 329, 334, 336 
tubercle of femur, 220, 223 
Aditus ad antrum, M6 
Agger nasi, 12b ^ 

Agitator caiidju inusclc, 348 
Air-ceUs, etbmoidal, 125, 126, £46, 147, 168, 
169 ^ ; 

mastoid, 118^ 

Air-sinuseg, 69 
frontal, 102, 170 

maxil la ry. An trum of Highmore 

sphenoidal, 1 18^. 123, 169, 172 
iAkroceplialic skulls, 174 
Ala of sacrum, 83 
of vomer, 136, 168 
Aim of sphenoid bone, 120 
Alar ligaments of knee, 293 
" odontoid ligamentsy 259 
process of ethmoid, 124 
spiiie of sphepoid, 120, 151, 152, 167, 16? 
Alecitlu^'ovlim, 11 

. .-4r 


Alimentary canal, development of, 31 
^ Alispbenoids, 123, 176 , 

Allantoic, arteries, 50 
diverticulum, 48, 49, 63 , 
stalk, 49 
veins, 59 

Allantois, 49 ^ 

Alveolar arcli, 157, 175 
index, 176 
point, 173 

process, 127, 129, 148, 172 
Alveoli of jaws, 129, 140 
Amitosis, 9 ' 

Amnion, 46, 48, 56 
false, 48 
fold, 47, 63 

true, 48 . ^ 

Amniotic area, 23, 46, 47, 48 ‘ 

cavity, 46 
fluid, 46 

Amphiarthrosis, 248, 249 
Anal canal, development of, 44 
Analogy, 2 
Anapliaso 9, 10, 13 
Anapophysis, 91 

Anatomical neck of hiimeriis, 184 
Anatomy, 1 * 

systematic, 3 
topographical, 4» 

Anconeus muscle, 332, 335 
Angeiology, 3 

Angle, acromial, 182 . * ■ 

facial, 175 . . 

inferior lateral, of sacrum, 84 
of jaw, 140, 142, 173 
pubic, 211 

of rib, 94, 96, 96, 97 * 

sacro-vertebral, 85, 216 
of scapula, 180 
steimal, 92 ‘ « 

subcostal, 99 

Angular process, lOO, 102, 144 
AnKle-joiiit, 296 . 
movements of, 297, S64 ; , 

synovial membrane of, 297 . 
Annqlar li^mept of ankle,: 364 v i 
■ . 'pf wris1^.-322-.;: -.i:. v. ■ ,■ 

i&nnulus fibro&us, 254 , . v , 

, Anticlinal vertebra; 86 ^ 

‘^tilmlix, dev^bpi^ 





INDEX 


41 


r Ailtithesis in muscular action, 378 
. Antittagus^ 35, 42 . 

V Anljfum- of Highmore, 127, *129, 130, 131, 146, 

‘ 148,16^,169,171,172 

' mastoid, 116, 118, 151 
» maxillary. See Antrum of Highmore 
Anus, development of, 43 ^ 

- Aorta, primitive, 69, 60 $ 

, Aortic arches, caudal, 59 
cephalic, 59 

opening of diaphragm, 396 ^ 

Apertura txterna aqmeductns cochleie, 115 
aqhsiductus vcstihuli, 115 , 

pelvis infSpior, 215 
superior, 215 • I 

■ iormis, 144,*147,* 175 • 

sup^ior canal is tymj)aiiici, 115 
Aperture, nasal anterior, 144, 147, 175 
Apdhijurgsis, 306. See also Fascia 
epicranial, 373, 375 
• intercostjil, 393 

vertebral, 307, 365, 366 
Appendicular muscles, 306 
slcele^on, 67, 68 , 

• morphology of, 245 

_ Aqueduct of cochlea, 115 
•of Fallopius, 115, 161, 165 
Arch, alveolur, superior, 157, 175 
aortic, caudal, 59 , « 

^epliaJxc, iJ9 
cr lira], deep, 340 
. superficial, 340 
dental, 155, 176 
hyoid, 34, 35, 41, 413 
• mandibular, 33, 34, 37, 41 
•neural, 73, 74, 76, 76, 81, 86, 90 
pubic, 215 

temporo-maxillary, 133 
thyro4iyoi(L 34, 35, 413 
fjrgomatic, i60, 161, 155, 157 
Arches, axillary, 310 
' of foot, 304 

visceral, 34, 35, 36, 64, 176, 177, 413 
Arcuate eminenco, 115, 165 
ligaments, 395 
Arcus superciliaris, 101, 144 
Arm. See also Linib, upper 
: development of, 46 
fasciaa of, 31^ 

. intermuscular septa of, 318 
ipuscles of, 318 • 

Art^y or arteries, allaiitoic, 60 

: maiidib^^ , ; 

, medullary. See Arteries, nutrient 
X iifitrient of bones, 72 
jMirodiar 249^262, 277 

260, 266, 267, 274 

■^^^^eboiinene^il^^^^ 

; ; ■ p^co^, 73, 74, 75;- 76, 77, 78, 79, 81, 82, 83, 91 

298 x; 

iio4iMtoid 






Atlas, 76, 76, 89, 91, 162 
transverse ligament of, 267, 259 
Atlo-axial joint, 267 

movements at, 259, 372 
Atrium meatus nasi, 129 
Attollens aiiiem muscle, 376, 378 


Attraction cone, 
sphere, 9, 10, 15 


Attralyms aiiriuu muscle, 376, 378 
Auditory pit, 63 

meatus, external, 113, 116, 118, 151 
developmenS of, *#2 
internal, 115, 16(i 168 
Auricular fissure, 112 * 

siniace of ilium, 83, 210 
Anricularis anterior muscle, 376 
posterior muscli^, 376 
Kupm'ior musch?, 376 
Auscultation, triangle of, 307, 309 
Axial muscles, 306, 365 
proiHiss, 21 
skeleton, 67, 68, 177 
Axillary arches, 310 
border of scapula, 180 
fascia, 309 
jftfis, 77T 89 
basicranial, 166 
of pelvis, 215 
Axon, 21 • 

Azygos uvulm muscle, 390, 391 

Back, fixsciiw of, 307, 365 
muscles of, 307, 366, 371 
Balbiani, body of, 11 
Ball-and-socket joint, 219, 251 
Band, ilio-tibial, 338, 340, 348 
Bar, hyoid, 36, 143 
tliyro-hyoid, 143 * 

Basal centre of inferior maxilla^^42 
la;f[!r of decidua, 55 • 

Base of cranium, 155, 162 
of lower jaw, 140 , 

.Basicranial axis, 166 
Basihyal, 143 
Basilar groove, 108 
process, 106, 155^176 
Basi-occipital, 109, 159 
Basion, 161, 166, 16f, 173 • 

Basiotic, 109 • . 

Basi-pharjmgeal c^nal^ 158 
Basi-spheiioid, 123 • 

Basis of hyoid, 143 • • . 

Bertin, bones of, 124 
Biceps brachii muscle, 311f, 320^321, 335 
Ilexor cruris im&cle, 350, 352, 35«l 
Bicij)ittil fascia, 319 
‘groove, 183* ^ 

tuberosity, 194 ^ * • 

Bigelow, Y-ligament of, 286 ♦ i 

Biventer cervicis muscle, 370 . * 

Bkstoderitt, 17, 21 
areas of, 21, 48 
layers of, 16, 17 ^ ♦ 

. Blastodemiic vesicle j 17, 25; 26; 48 . 
Blasjbpmere, S, 17 , 

Blastopore, 19 
. BUstula, 17, 62 
Blood mppseles, nuela 0 i. 58 , 

. . jdbvete^iiiept of, 58 ' ; > i 
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Body of Balbiani, 11 
cavity, 24 
pituitary, 40 
polar, 13, 14 
stalk, 31, 48, 63 
Wolltian, 30 

Bone or Bbnes, 67 , 

of Bertiii, 124 

bregmatic, 103 ^ 

cancellous tissue of, 69, 70 
carpal, 197 ^ 

cartilage, 70, 177 < * 

compact ti\3^ue of, 69, 70 

composition of, 68 ^ 
diapliysis of, 69 
cpactal, 127 

epiphyses of, 69, 70, 71, 72 
epipteric, 116, 127 
of lace, 100, 127 
Hat, 68, 69 
of foot, 232, 241 
‘ growth of, 70, 72 
of hand, 197 

Haversian systems of, 69 ’ 
of head, 99 

hip, 207 ‘ 

irregular, 68 
long, 68, 69, 70 
of lower limb, 207 c 

marrow of, 69 
membrane, 70, 177 
metacarpal, 203 
metatarsal, 242 
of middle ear, 710 
nerves of, 72 
number of, 68 
ossification of, 70 
periosteum of, 69 
primordiapL^7 
if3Condary,*^f7 « 
sesamoid", 207, 246, 2^0, 303, 329, 343 
short, 68^ 
of skull, 99 
of spine, 72 
strength of, 69 
structure of, 69 % 

sutural, 

tarsal, 232 ^ ^ 

thigh, 217 , « 

of thorax, 91, 98 ^ 

of Upper limb, 178 
vasculaV suj)ply V)f, 71, 72 
Wormian, 103, 127, 154 
BrachialLs aiitYcus nfusclc, 320, 321 
Brachio-radiahs muscle, 331j 33.5 
Brachyceplialy, 155, 173 
Brachy facial skulls, 174-, ^ 

Brachy uranic skulls, 17& 

Brain, 414 « 

Branchial irches, 34, 35, 36, 64, 176, 177, 413 
Breast bone, 91 
Bregma, 155, 167, 173 
(Bregmatic bone, 103 , 

foiitanelle, 177 
Brim of pelvis, 215 

Buccinator muscle, 377, 378, 381, 383, 391 
Bucco-pharyngoal area, 22, 31 
membrane, 32, 33, 37. 

Bulbh-caverno^us ‘muscle, 407, 408 
Bursae, 260, 266, 267, 270, 288, 290, 293, 306, 
307, 312, 315> 316, 317, 319, 340, 341, €43, 
348,^49, 350, 351, 358, 359, 378 . ; 


"■ t-' ■ . '■ .,y • 

Bursae, subciitaiieous, 260 " . ; ^ 

subtendinous, 260** , " 

thecal, 260 * « 

Buttock, fasciae of, 336 
muscles of, 347, 352 

Calcaneo-fi.stragaloid joint, 298 
Calcaneo-culwid joint, 300 
ligaments," 300, 304 
Calcaneo-fihular ligament, 297 
Calcaneo-scaphpid ligaments, 299, 304 
Calcaneo-tibial ligament. 297 c 

Oalcaneujs, 236 ‘ 

Calcar femorale, 222 ^ 

Oalvaria[; 99 # 

0anal, alimentary, 23rin!itjvp,«31 
anal, develoj)ment of, 44 
for Arnold’s neiwe, 114 
hasi-pharyngeal, 158 
carotid, 114, 116, 160, J64 
cruinl, 340 
dental, 128, 152, 163 
inferior, 139, 141 ^ 

, ethmoidal, 125, 126, 146j 164 , 

Eustachian, 113, 159, 160, 162 
Havemian, 69 
of Huguier, 111 

infra-orbital, 127, 128, 130, 146^ 172 
inguinal, 403 , 

for Jacobson’s nerve, 114 • ^ 

lachrymal, 129 
malar, 132 

of nasal duct, 146, 168, 171 
neural, 74, 85, 87 ^ 

neurentcric, 19, 63 ' 

obturator, 284 ^ 

palatine, accessory, 138, 154, 158 
anterior, 130, 167, 168 
I)Osterior, 129, 130, 137, 138. 154,457 
paJato-maxillary, 129 ^ ‘ 

Idierygo-palatine, 122, 138, 154, 158 
sacral, 84 ' 

Bpheno-vomerine, 136 
spinal, 74 
temporal, 133, 151 
for tensor tympani, 113 
Vidian, 122, 123, 1.54, 158, 160, 164 
Canaliculi of bone, 69 
Canaliculus innominatus, 121 
mastoideus, 114 i. 

tympanicus, 114 1 

Canalis cranio-pharyngeus, 120, 123, 169, 176 
innominatus, 159 
Canine fossa, 127 • •• 

CapiteUum, 187 
Capitular process, 91 
Capsule of joints, 260 « ^ 

otic, 116, 176 

of Tenon, 378 . * 

Carotid groove, 120, 164 
sheath, 373 
Carpal bones, lb7 « 
architecture of,. 202 
ossification of^ 202 ; ' ^ 

variations iuj 202 
joints, 276* ^ 

movements at, 281 > 

synovial membrane ol^ 278 
■ , . '■traii8versei5''277 ' ' 

^rj)6-meta<ai^i join^ 279 ; f 

Carpu^'TOV, 202- ■■■ -V- ■■ .■ 
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Cartilage, costal, 97 ^ 

/ensi^^ 

^ ; o^ MecTkeL 36, U 
paiachordki, 176 
\ of Reicliert, 143 
semiltmar, 292 
xiphoid, 91, 92 
Cartilaginous cranium, l76 
Cauda helicis, 42 
Caudal aortic arches, 69 
fold, 26, 31, 48,63 • 

Gavity,*g]^oid, 111 
sigmoSa^of radius, *196 • 

V of ulna, 190 • 

C^um Eetzii, 410 • • 

Cells, 8 

bod^of, 8 

etJimoidal, 125, 126, 146, 147, 168, 169 
•germinal, 20, 21 
, of marrow, 69 
: mastoid, 118 
^ndcleuB of, 8 • 

reproductive, 9, 10 
spema-mother, 13 
Cell-mass, inner, 17, 48 
» mtormediate, 26, 30 
Centre of ossification, 70, 71 
Centro-lecitHai ovum, 11 
Cent«o8omB. 9,J10, 15 • 

Cen^uiifof vertebra, 73 
Cephalic aortic arches, 34, 36, 59 
fold, 26, 31, 48, 63 
index, 173 

^ myotomes, 413 • 

&rato-hyal, 143 
Cerebral vesicles, 20 
Cervical fascia, 373 
ribs, 7^, 89, 91, 97 
•\iertebrae, 7^ 74 

. Oeryicalis asceiidens niUBclc, 368 
*dham83cephalic skuUs, 174 
Chaoieeprosope, 174 
Check ligaments, 269 
iCheek^one, 131, 147, 148 
Choanm, 157, 168 
Chohdro-cranium, 176 
Ohohdro-ebitrochiearis muscle, 310 
Chondrorglossus 
'Choi^l portion of skull, 176 
i OhdliQn, 60 . 

Ghorionifi area, 23j 47, 60 
^:;.v.:nieinbK^ 'fiO' 

■■'■■■vesicle, ;50'' .'V 

47, 60, 62, 65, 62, 63 
Chrp V 

bfinidle,: :876/;::.-^' 

399 ,; 391 . 




See also Vertebra*, 



Clinoid process, anterior, 120 
process, middle, 119 
posterior, Il9, 164, 166 
Cloaca, 43 
Cloaca! fossa, 44 
membrane, 19, 22, 43, 44 
Co-aptation, 261 * 

Coccyx, 84, 90, 213, 216 
CocliWriforin i)rocess, 113 
Ccelom, 24, 26, 48, 60, 66 
Collar bone, 178 * 

Column, vertebral, 72? 86, 

Vertebral coliimi^ 
membranous, 28 

Complexus muscle, 369, 372 • 

Compressor bulbi muscle, 407 
hemispherium bulbi, 407 
naris muscle, 376 
uretlirai muscle, 408, 409 
veiiJB dorsalis penis muscle, 408 
Concha, inferior, 135, 148 
media, 126, 148 . 

superior, 126 • 

Conclite inferiores, 100 
splieii^idales, 124 
Condyle of feiifiur, 220 
of liumerus, 184, 186, 187 
of jaw, 141 

occipital, 108, 109, 161 
tliiid, 77, 109 

Condylic foramen, 108, 161, 165, 166, 168 
fossa, 108, 161 
surface of tibia, 224, 228 
Condyloid joints, 249 
Cone of attraction, 15 
Conjoined tendon, 401, 402 
Conjugate diameter of pelvis, 2J6, 216 
Conoid ligament, 266, 267 
tubercle, 179 

Constrictor muscles of pharynx7 389, 391, 4f3 
Constrictor muscles of tretbra, 408, 409 
Coraco-acromial ligament, 267 • 

<;Joi’aco-brachialis muscle, 318, 320, 321 
superior, 319 

Coraco-clavicular ligament, 266 
Cor&co-glenoid ligament, 269 


Coraco-humeral lig 
Coracoid process, Ifi 


ineiit, ^9, 3 ^ 

t 181,183,246 

Coi^, spermatic, ciBmasteric fascia of^ 402, 404 
infundibuliform fascia of, 398, 404 
intercolumnar lascia oiV 401, 404^ . 
umbilical, 49 * 

Cornu of coccyx, 84 ^ 

of liyoid bone, 1^2, 143 • 

df sacrum, 82 •• 

of saplienous opening, 337 
Corona radiam orovum, 12 ^ ^ 


Coronal plane, 6 


172 


suture, 104j 148, 166, 
Coronoid fossa, 188 
process of jaw, I41j 163 
of ulnaj 189, 190 ■ 

Cormg^tor cutis aui^t4Q7 
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Cotyloid caAdty, 212 
ligament, 286 
uotcli, 210, 212, 213 
Craiiiology, 173 
Craniometry, 173 
Cranio-pharyiigea] cfiiial, 120, 123, 159, 176 
Cranium, 99, 155, 172. See also Skull 
articulations of, Avitli B 2 ^ine, 258 
cajjacity of, 173 c 

cartilaginous, 176 
cerebrale, 99, 100, 155 r 
circuiufercnce of, 174 ^ 
loss® of, 162, 164, 166, 166, 167, 171 
heigh t of, 174 
inonibraiious, 176, 178 
trabecular portion of, 177 
A®rtebral portion of^ 177 
viscerale, 99, 100, 155 
Cremaster muscle, 402, 405 
Ci*emasteric lascia, 402, 404 
Crest, falciform, 115 
' frontal, 102, 164 

iliac, 207, 216 , 

incisor, 130 

inlra-temporal, 122, 150, 151, 152 c 
lachrymal, 129, 134, 147 
malar, 121 
nasal, 130, 169 
neural, 20 • 

obtui'ator, 211 
occipital, external, 106 
internal, 107, 166 
pubic, 211, 216 
sacral, 82 
sphenoidal, 120 
siijira -mastoid, 110, 150 
tein2)oral, IC^J., 103, 149 
of tibia, 226 

turbinate<!y^erior, 129, 137 
superior, 129, 138 • 

Cribriform fascia, 337 * 
plate, 124, 126, 168, 171, 172 
Crista galli, 124, 164 
Crucial ligament of atlas, 259 
of knee, 291 , 

Crura of crucial ligament, 259 
of diaphf^n, 3^4 ^ 

Crural arcli, deep, 340 

superfuiial, 3«10 * 

canal, 340 i 

ring, 3^0, 401 ' 
septum, 340 ^ 

sheath, 340 

Crureus muse] a, 342,*' 352 * 

Cryptozygolis skulls, 155, 175 
Cubo-cniieiibrin articulation, 301 
Cuboid bone, 24p, 241, 242, 245 * 

Cucullaris muscle, 307 i 
Cuneiform, bon ei:, 197, 199, 203, 245 
external, 240, 242, 245 
internal, 238, 240, 241, 242, 245 
middle, 239, 242, 245 
ICunco-metatarsal Kgaments, 302 
Curved lines of ilium, 208, 209 

of occipital bone, 106, 150, 154, 157, 161 
Cutaneous lame] la, 28, 29 
Cytolymidi, 8 
■Cythlflashi, 7, 8, 10 
Cyto-reficuluifi, 8 . . 

Dacryon, 174 ■ ' ^ 

Dartos muscle, 406 ^ ^ i 


INDEX ■ 

Decidua, 61, 63, 67 
basalis, 52, 65 • ® ‘ 

capsularis, 62, 64 
layers of, 54, 55 ® 

reflexa, 52 

serotina, 62 - 

vera, 52^ 64 
Deltoid emiiencG, 185 
ligament, 297 
muscle, 314, 317 
tubercle, 179 <• 

Dendrites, 21 ^ 

Dental axches, 155, 175 ^ r 

canals# 128, 139, 141, 152, 153 
foramin, 141, 153 
^ index, 176 
Dentary centre, 142 
Depressor al® nasi muscle, 376 
anguli oris muscle, 377, 378 
labii inferioris muscle, 377, 378 
septi muscle, 376 
Descriptive terms, 4 r 

Deutoplasm, 10, 46 
DcAmlopinent, 1 
of chondro-cranium, 176 
of joints, 251 
of veins, 60 

Diaphragm, 394 * 

anomalies of, 397 ^ ^ 

central tendon of, 395 ~ 

crura of, 394 
foramina in, 396 
hernia of, 397 
Diaphysis, 69 t 

Diapophysis, 91 
Diarthrosis, 248, 249, 252 
Digastric fossa, 140 
groove, 113, 161 
muscle, 385, 387, 388, 413 , 

Digital fossa, 218 
sheaths of fingers, 323 
of toes, 355 

Digitus post minimus, 246 
Dilator iiaris muscle, 376 
Diploe, 69 

Disc, articular, 252, 253, 260; 266, 267, 274 
interpubic, 283 
intervertebral, 253 , 

Diverticulum, allantoic, 48, 49, 63 
Doliclio-cejxhalic skulls, 155, 173 ** 

Dolicbo-facial skull^j, 174 
Dolichuraiiic skulls, 176 
Dorsifiexion, 297, 304 ^ 

Dorso-epitrochlearis muscle, 310 
Dorsum sell®, 119, 164, 176 
Douglas, fold of, 403 ‘ ^ • 

Duct or Ducts, developineift of, 39 
thyro-glossal, 36 r , 

vitello-intestiiial, 31, 46, 49 
Ductus arteriosus, 36, 60, 61, 62 
venosus, 61 
Dyad, 13 * 

■ ■■ ' ■■■■■■ ■ 

Ear, capsule, 116, 176 
external deyelopmenj ofi 36, 41, 6% 65 $;v 
Ectochondral OMificatioii, 70 • 

Ectoderm^ 17, .18, -26 .. 

■ neural,. 27 

Btrtictures formed ' fre m,^, 
surface,. 20 

rUjaculator nrinse muscle, 407 - ; vavS: ; ry 
|Elbow^oint,.271.-' -o/ v^- • 
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EiWw-jpmti 

liusdes lloting on, 821, 336 
^ synovial «nembrane of, 273 
Embryo, 26 
blood of, 62 

circulation in, 57, 60 • 

at. different periods, 62 * / 

estimate of age of, 66 

external characters of, 62 

folding of, from blastodermi|i vesicle, 25 

length vf, 65, 66 

menfbfcwnes of, 46^ 57 , 

nutrition V, 46, 56, 67 , 

^ • I 

Smibryology, 1, f • 

Embinoiiic aina, 18, 26, 48, 49, 62, 6.3 
Eminentia arena ta, 116, 165 
SnSithrodial joints, 249 
Endochondral ossification, 70 
• Endoskeleton, 67 
Eiisiform cartilage, 92 
Entoderm, 17, lo, 27, 48 
EpactaJ bones, 127 
p Epiblast, 17 

^ Epicondyles, 187, 188, 220, 221 
Bpicondylic lines, 220 
proce^ ol humerus, 188, 189 
ridges, 186, 188 , ^ 

EpilSraiiiSi aphneurosis, 373, 376 
Epiglottis, development of, 33, 36 
Epihyal, 143 
Epiotic, 117 

Epiphyses, 69, 70, 71, ^2, 89, 90, 252 
•Epipteric ossicles, 116, 127 
Epistenial bones, 94 

' E^ itroclileo-anconeus muscle, 332 
Erect |k)sition, 4 
Etector clitoridis muscle, 407 
penis inuflcle, 407 
Bpinae inuscies, 367, 372, 373 
Erythroblasts, 70 

Ethmoid bone, 100, 124, 147, 164, 168 
p^ificatibn ofj 126 
yariatiohs in, 126 

. Ethmoidal canals, 125, 126, 146, 164 
126, 146, 147, 168, 169 
ci^st, 129, 138, 169 * 

. rfbrambh, 101, 164 

;v;grpoyei-.-l25-' : ■ . 

;; '^-Vmptch^jOlv.v.^ 

■■;>\-,plate,-l76:. 

.:t-'''':p!X)Cess,vl3^-'-. 

■ 

gmm- 







Extensor carpi radialis longior muscle, 333, 3J^ 
ulnaria muscle, 332, 335 
oomiuunis digitorum muscle, 331, 336 
hallucis longiis muscle, 356 
hidicis muscle, 334, 335 
lougus digitorum muscle, 356, 363, 364, 366 
}>ollicis museje, 334, 335, 336 • 
primi internodii liallucis muscle, 357 
miiumi digiti muscle, 332, 335 
ossis metacaipi pollicis iiinscle, 333, 336, 336 
metatarsi hallucis muscle, 366 
proprius hallifcis muscle, 366, 363, 364, 365 
Eye-lids, muscles of, 376, 378 • 

Eye, movements of, 38CP 

Face, bones of, 100, 127, 147, 155, 172 
measiumiients of, 174 
muscles of, 376, 378, 413 
Facial angle, 175 
expression, 378 
index, 174 
Falcitbrm crest, 115 

ligament of saphenous opening, 338, 340 
process, 283 

Fallopius, aqueduct of, 115, 161, 165 
• hiatiffi of, 115, 118, 165 
Fascia or Fasciie of abdomen, 397, 398 
of arm, 317 
axillary, 309 • 
of back, 307, 365 
bicipital, 319 
cervical, 373 
ciximasteric, 402, 404 
cribriform, 337 
deej), 306 
of loot, 353 
of forearm, 321 
of groin, 337 
of hand, 321 
ofhead, 373 • 

inlundibuliforrn, 3£ip, 404 
intercifiuinnar, 401, 404 
lata of thigh, 337 
of leg, 353 
oi Mower limb, 336 
.iuinbar, 307, 3^ 
masseteric, 373 
of neck, 373 • 

obturator, 409 • 
of orbit, 378 ^ 

palmar, 323 
ijcctoral, 309 
pelvic, 405, 409 
of perineum, 405 • 

V plantar, 355 * 
popliteal, 338, 369 
prpvertoliKil, 374 ^ 
pyriformis, 409 ^ 
recto- vesicali 410 
semilunar, 319 
of shoulder, 314 
Bperniattc, 401' t 
! Buperficiaii 306 ^ . 

■■ :rv'vr Vv 

■•;:-pl4high'andkbuttock^^ 


w,.-; -‘A,: 
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IIIDEX. 


Femur, 217 
architecture of, 222 
cpiinexions of, 222 
homology of, 246 
ossification of, 222 
pilastered, 222 
variatioifs in, 222 , 

Fertilisation of ova, 16, 62 
Fihro-cartilages, 250, 252, 266, 267, 274, 2^3, 292 
intervertebral, 253 
semilunar, 292 ^ 

triangular, 274, 275 ♦ 

Fibrous plate^of fingers, 281 
of toes, 304 * 

Fibula, 228 
architecture of, 231 
connexions of, 231 
homology of, 246 
ossification of, 231 
variations in, 232 
Fibulai*e, os, 245 
' Field, polar, 9 
Fingers, bones of, 197, 206 ^ 
movements of, 335 
Fissure or Fissures, auricular, 112 

Glaserian, 110, 111 • 

petro-basilar, 115 
petro-occipital, 160 
petro-sc|uamous, 115 # 

pterygo-maxillary, 152, 153 
sphenoidal, 120, 121, 144, 146, 165 
spheno-maxillary, 121, 127, 132, 146, 160, 
151, 153, 157, 159 
spheno-petrous, 159, 160 
transverse tymiiaiio-mastoid, 112 
Flagellum, 14 
Flat bones, 68, 69 
Flexion, 251 * 

Flexor access^rrius muscle, 360, 364 
brevis digitohlm musole, 361, 364, 365 ♦ 
hallucis muscle, 362; 364 
minim i„digiti of foot, 363, 364 
of band, 329, 334, 335, 336 
pollicis muscle, 329, 334, 336 
carpi radialis muscle, 324, 334, 335 
iflnaris muscle, 325, 334"^ 336 
caudse 411 

longus digitorum ^nuscle,^ 359, 364, 365 
hallucis muscji.e, 360, 36C, 365 
pollicis muscle, 328, |334, 336 
profundus digitofiim muscle, 326, 334, 335 
sublimisMigitoruM muscle, 325, 334, 335 
Flexures of brain, 443 
cephalic, 4^3 * 

cervical/ 441, 444, 486 * 

pontine, 444 

Floating ribs, 94 I ^ 

Floccular fosgja, ll5, 118 | 

Flocculus, 469 , 

Foetus, 26 ' 
blood of, 62 
circulation of, 67, 60 
f at different periodo, 62 
estimate of age of, 66 
extenial characters of, 62 
folding of, from blastodermic vesicle, 26 
length of, 65, 66 

off 67 ^ 
nutrftibn of, €0 \ 

Fold, jmnion, 47,;63" 


Fold, medullary, 19 
■■ neural, 68 ' . ■ 

perineal, 44 ; • 

Fontanelles; 160, 177 
Foot, articulations of, 296 - 

bones of, 232, 241 
fasciae of, 363 
mechanisii^ of, 304 
muscles of, 365, 361, 363 
Foramen caecum of skull, 102, 124, 164 
condylic, 108„161, 166, 166, 168 
dental, inferior, 141, 163 • 

ethmoidal, 101, 146, 164 ^ ^ 

incisor, 130, 137, 157 
infraoijbital, 127, 146 • 

* intervertebral, 74, 84, '87 # * 
jugular, 114, 160, 166, 168 ^ 

lacerum, 160, 164, 165 
magnum, 106, 109, 166, 161, 166, 166 
mandibulare, 141, 153 
mastoid, 113, 152, 166 
mental, 139 , 

obturator, 207, 212 

. occipital, 106, 109 « 

optic, 120, 145, 164 
ovale, of heart, 60, 62 
of sphenoid, 121, 123, 152, 159, 166 
palatine, greater, 157 • 

lesser, 138, 168 f 
parietal, 104, 105, 164, 162 * 

quadratum, 396 
rotundum, 121, 164, 165 
sacro-Bciatic, 214 
of Scarpa, 130, 157 , 
sciatic, great, 283 
small, 283 

spheiio-palatine, 138, 164, 168 
spinal, 73, 74, 75, 76, 78, 80 
spinosum, 121, 123, 152, 159, 165 •’ 

of Stenson, 130, 131, 157 
stylomastoid, 114, 161, 162 
supraorbital, 101, 144 
supratrochlear, 188 
thyroid, 207, 212 
of tongue, 36 
transversarium, 75 
vertebral, 73, 74, 76, 78, 80 
vertebrarterial, 75, 76„77, 91 
of Vesalius, 121, 162, 165 
Foramina, sacral anterior, 81, 84 
posterior, 82 i- 

Fore-arm, muscles of, 323, 326, 331, 332 
Fore-gut, 31, 32, 33, 36 ^ 

Fossa or Fossss, acetabuli, 212 * 
anterior palatine, 130, 157 
canine, 127 

cloacal, 44 . * V 

condylic, 108, 161 . . r; 

coronoid, 188 : : 

cranial, 162 / 

anterior, 164. 167, 171 
middle, 464, 167 • 

posterior, 165, 166 = : ^ ' y; V 

digastric, 140'.' 

digital, of femur^ 218 . ■■■ ■ 

■ floccular, 115>1- 118 ■■ '■ vV 
glandulfle lachiymalis^ 146 ^ 

gloiipid, ill, 

■•^Jayp6trochantAdca;j..-2 
■'■'iliac, '210, 218.V ■ 

4' mcisoriyl27i^;i40.->;. 





OluteiiB medius musicle, 348j 352, 353* 370 
mixiimuB muBcle, 349, 352, 353, 373 
Gnatliic index, 175 
Gonion, 174 

Gracilis muscle, 345, 362, 363 
Groin, fascias of, 337 
Groove, bicipitaL 185 • 

carotid, 120, 1 d 4 
digastric, 113, 161 
for Eustachian tube, 120, 159, 160 
for inferior petrosal sinus, 108, 114, 166 
lachrymal, 12S, 12^ 134, 147 
for lateral sinus, 104, J.07, 108, *113, 114, 165, 
166 • 

medullary, 19 . 

for meningeal arteries, 121, 162, 164, 166, 166, 
168 

musculo-spiral, 186 
mylo-hyoid, 141, 142 
neural, 19, 63 
obturator, 211, 212, 213 
for occipital sinus, 166 
olfactory, 126, 126, 164 
optic, 119 • 

for petrosal sinus, 114, 166 
• for p^ro-squamosal sinus, 116 
popliteal, 221 
-primitive, 19, 63 
pterygo-palatime, 122, 138 
sacral, 82 
subclavian, 96 
subcostal, 95, 9*^ 

for superficial petrosal nerve, 115 
for superior longitudinal sinus, 102, 104, 107 
114, 162 

vertebral, 85, 98 

Hair of embryo, 65, 66 • 

Hamstring muscles, 350 • 

Haniular process, 122, J34, * 

Hamulus lachrymaliB,^34 

pterygoideus, 122, 168 , • 

of unciform bone, 201 
Hand, articulations ol^ 276 
bones of, 197 
&scia3of, 321 ! 

movements of, 281 

^ muscles of, 321, 328 * ^ 

Hard palate, 148, 465, 157, 1^72, 173, 175 
Haunch-bone, 207 ^ 

Haversian canals, 69 • 

gland, 287 * ^ . / . : ^ 

syst-ems, 69 

Head, bones of, 99 • ^ 

fasciae of, 373 • •• 

movements of, 372, 388 
* muscles’ of ji374, 41^ ^ 

HealSoM of embry^6, 31 . * 

Heart, development ctf, 60, 63 ^ 

Helix, develobihent ofi 42 : 
■Heriii£b;33d/.a4P,;; .-r 
.HesSelbach, 

- Hiatus' canMis.-f3i0iaIi8, .115 




br in 162 

i'ytib>»,^ 26 ;-;V ■ . • ' ■ ■ 

Jugular, #14, 

fprli^ 

myrtifbrm, 127 

144, 168, 172 \ 

olecranon, 188 | 

d^ital, 144 

pituitary, 118, 166, 176 
pterygoid, 122, 168 ^ 

}: pfei^^paktine, 163 

scapi:oid,^22, 168 \ 

spheno-maxillary, 163, 154 | 

*^subarcuata, 11^ 11^ 

Bubupaxillary, 140 
’ Bubscapular, 183 

• sfi]2;ra^mous, 182 
temporal, 103, 150 
zygomatic, 162, 159 

Fossida fenestras cochleae, 115 
; ‘ trochlearis, 10^ 146 
Frbhtalbone, 100, 144, 146, 148, 164, 168 
: V arcliitecture of, 102 
ossification of, 103 

• sexual differences in, 101 
variatiens in, 103 

eminences, 100, 172 ^ 
pfenefib ^ * 

region, 144 

sinus, 102, 103, 125, 146, 169, 170, 172 
; suture, 144 

Frontp-nasal process, 3*j^ 38 
Fundiform ligament, 364 
Furciila, 33, 36 
Fuitow, ulnar, 193 

Gasserian depression, 166 
G&tT;e<snemiifc muscle, 358, 363, 364 
Gelatinbus marrow, 70 
Gemellus inferior muscle, 350, 352, 353 
^ BUperibr^^m 

Genml spines, 140 ^ oqq 

Geuib-hyo-glossus muscle, 386, 387, 388 
Henib-hyoid muscle, 386, 387, 388 
; Gcbiitalenime^^ 

44;, 

(Jbnitb-iirinary chamber, 43 
; Geiihin^l urea, 1 . 

;::n'’liy»rs,'.i6,’a7- '. , -- 

v/'>^t,10'. ■■■ ■ 
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Histology, 4 
Homology, 2 
of limVboiies, 246, 246 
serial, 3 
of vertebrai, 90 
Homoplasy, 3 
Hiiguier, cftual of, 111 
Hiimex'us, 184 * 

architecture of, 188 ^ 

connexions of, 188 
homology of, 246 
lower epiphysis of, 189^ ^ 

ossihcatioiifof, 188 » 
surgical neck of, 186* 
upper epiphysis of, 189 
variations in, 188 
Hyaloplasm, 8 

Hyo-glossus nmscle, 386, 387, 388 
Hyoid arch, 34, 36, 41, 413 
har, 36, 143 
bone, 142 

‘ connexions of, 143 
coniua of, 143 
development of, 36, 36 * 

movements of, 387, 391 
ossification of, 143 * 

Hypoblast, 17 
Hypochordal sj)ange, 91 
Hypsiccphalic skulls, 174 « 

Iliac crest, 207 
fossa, 210, 213 
portion of fascia lat-a, 337 
spine, anterior inferior, 207 
superior, 207, 216 
posterior inferior, 207 
superior, 207, 216 

Iliacus muscle, 1143, 344, 352, 353, 373, 405 
minor, 346 

lliot capsularSTItuscle, 345 ♦ 

Ilio-coccygeus muscle, 4^1 1 
Ilio-costalis muscle, 367, 368 
Ilio-femoral ligament, 286, 288 
llio-lumbar ligament, 282 
inferior, 283 

Ilio-pectineal eminence, 21(f, 
line, 210,4413, 217 
Ilio-psoas muscle, 3t3, 363* 

Ilio-sacralis inUsc^e, 411 t 
llio-sciatic notch, 208 
Ilio-tibial band, 338, 34(f, 348 
llio-trochAiteric ligament, 286 
Ilium, 207, 214, 216, 246 
crest oi^ 207 • 

Ilium, spincvs of,‘ 207, 216 * 

Incisive bundle, inferior, 377 

superioi-, 377 ^ ^ 

centre, 131 * . 

fossa, 127 ^ 

Incisor crest, 130 
foramen, 130, 157 
fossa, 140 

ilncisura acetabiili, glO, 21g 
etlimoidalis, 101 
parie tails, 112 
Incus, development of, 35 
Index, alveolar, 175 
coifiialic, 173 
dental, 176' 
facial, superioi', 174 

total, 174 * : ♦ 

gnatliicf 175 ■ * 


Indexi nasal, 176 
orbital, 175 . r , 

palato-inaxillary, 176 * • • 

vertical, of skull, 174 « 

Infracostal muscles, 394, 397 
Infraglonoid impression, 181 
Infrahyoic^. muscles, 383, 387, 397 
Infraorbital fenal, 127, 128, 130, 146, 172 
foramen, 127, 146 V 

margin, 127 

InfraiJatcllar bujfsa, 290 
fat-pad, 293 t 

Infraspinatus muscle, 316, »31 7 ^ 

Infraspii\ous fossa, 182, 183 
Infrastci'lial depression, 92 
Iftfratemporal crest, 122*160; 151, 162 ^ 

fossa, 152 / 

Infundibuliform fascia, 398, 404 
Infundibulum cthmoidale, 126, 147,J.6^4, l79, 
171 

Inguinal canal, 403 
hernia, 401, 405 
Inion, 150, 167, 173 
Jnnomiiiate bone, 207 
architecture of, 213^ 
connexions of, 212 
homology of, 246 
ossification of, 213 
variations in, 213 f 
Insertion of muscles, 306 
Insjpiration, 313, 317, 397 
Iiiterarticular discs, 260 

fibro-cartilages, 250, 252, 266, 267, 274, 283, 
292 , 

ligaments, 260, 252, 262, 264, 287 / 

Intercentral articulations, 253 • 

Interchondral joints, 263 
Interclavicular ligament, 266, 267 
Intercoccygcal joints, 256 ^ ^ • 

Iiitcrcolumnar fascia, 401, 404 * 

Intercondylic fossa, 225 
notch, 220 

Intercostal aponeuroses, 393 
muscles, 393, 397 
spaces, 98 

Intercuneiform joints, 301 
Intermaxillary process, 39 
suture, 129, 147 
Intermediate cell-mass, 25, 30 
Intermedium, os, 245 t 

Intermetacarpal articulations, 279, 281 
Interinetatarsal articulations, 303 
Intermuscular septa of arm, 318 

of foot, 355 • M ^ ^ 

of leg, 364 

of thigh, 338 # ; v, 

Internasal sutm-e, 134 

Intemeural articulations, 253, 266 y; 

Interosseous groove, of astragalus, 233 

of os calcis, 236 • : ^ 

ligaments, calcaneo-cuboid, 300 

carpal, 277, '278 « : - : ..v; 

carpo-metacarpal, 279 
cubo-cuneiform, 301 
cmieo-metatai’sal, 302 
intercuneiform, 301* V. 

intermetatarsal, 303 . = 

sc^pho-cuboid, 300 
y; talo-calcanfcal, 299c y ^ 
tibio-fibula.r, 296 ; 

membrane forearm;^’ 275 ' y; 

.'of.leg, 296;. 
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InteiroBseous membrane of foot, 363, 364, 365 
muscles of band, 329, 3BQ, 334, 335, 336 
nidge* oAibula, 229 
of tibjfa, 226 

Interparietal bone, 109, llO 
Interphalangeal joints of foot, 303, 304, 365 
of band, 280 • 

Interpnbic lamina, 283 f 

Interspinales muscles, 371, 372 
Interspinoiis ligaments, 255 
Intertamal joints, 298, 301 « 

Intertramversales muscles, 371, 372 
IntertJSBBVf rsG ligaments, 256 . 

In^rtrochanteric lines, 218 , 

Intervertebral discs, ^3 | 

^foramen, 74, 84, 87 ^ 

gr(%ve, 74 

notch, 74, 75, 78, 79, 80 
infroju^ilar process, 108 
Inversion of loot, 304, 364 
Ischial spine, 210, 214, 215 
^ tuberosity, 21(^ 215 
Ischio-bulbosus muscle, 407 
Ischio^psular ligament, 287, 288 
Ischio-cavenious muscle, 407, 409 
Ischio-coccygeus muscle, 412 
Jschio-pubicus muscle, 408 
Ischium, 2§7, 210, 214, 246 
spine of, 210, 214, 21^ 
tube3%sity <5*, 210, 215 

Jacobson, organ of, 40 
Jaw, alveoli of, 124, 140 
low<5r, 139, 148 ^ 

• angle of, 140 

• body of, 139 
condyle of, 141 
coronoid process of, 141 
mbvemmts of, 383 

* ramus oi, 140 
upper, 127 
Joints, 247 

acromio-clavicular, 266, 267 
amphiarthrodial, 248, 249, 252 
ankle, 296 
arthrodial, 249 

ball-and-so(jket, 249, 251 
•biaxial, 249 , . - 

V 

ealcaneo-oul^ 300 

:v ^ 

&>nSyiaLd, 249 

;y^^y;»y^^bw,;2 - 

'i ■ 301 ' • ■ ' ’ . . ; 

S4 ?, sea..* ■ 




Joints, intercentraV 253 
interchondral, 263 
intercoccygeal, 266 
intorcuneiform, 301 
iuterinetacarpal, 279, 281 
internietatamil, 303 
interneural, 253, 255 • 

interphalangeal, of foot, 303, 304, 365 
of Iiaud, 280 
iiitertarsal, 208, 301 
knee, 288 ^ 

of lower exiremil yt 285 
lumbo-sacval, 281 » • 

melacarpo-pli alangeofl , 280 
metata3*so-phalangeal, 303, 304, 364 
movable, 248, 262 
movements at, 251 
iiiiiltiaxial, 249, 251 
occipiio-atloid, 258, 372 
of pelvis, 281 
pi si -cuneiform, 278 
radio-carpal, 275, 276 
radio-humeral, 27.1 
radio-ulnar, inftrior, 274 
superior, 273 
• rottilJ^ry, 249, 251 
S{icro-coc(iygeal, 256 
sacro-iliac, 282 
scfipulo-clavicular, 26G 
shoulder, 268 

of spine with craniuin, 258 
sUuiial, 264 

steruo-clavicular, 265, 267, 313 
structures forming, 249 
syuartlirodial, 247, 249 
talo-scfiphoid, 299, 304 
tarsal, 298, 304 
tarso-metatarsal, 302 
temporo-maiKlilailar, 259 
tfmporo-inaxlUary:, 259 
of thorax, 261 » 

tibio-fibular, infen-ior, 295, 364 , • 

, suiKuior, 294, 364 
trausvei’se tarsal, 300 
luiiaxial, 249 
#uf upper cxtrcpiity, 266 
wrist, moveinente at, 335 
xiphisternal, 2^ * 

Jugal point, 174 • ' ^ 

Jugular foramen, 114 , 160, 166, 168 

fossa, 114, 118, 160 • ^ 

notch, 108 

process, 108, 157, 161. 
tubercle, 108^ » ^ 

• ' ■%: ■ 

Karyokinesis, 9 
Karyoplasi^..8 . 

Kerknng, ossido 0 ^ 110 ^ 

Kidney, primitiYC, 30 , . 

Knee-joint, 288 

burssn counedted with, 293 ■. 

y ■ V 'fibro-cartilag^ o^' '292: 

V.--.:. iigainents; pt, .2^'-; v- -; 

. movements at, a93,; 363 . ; 
synovial membrane , of, 293 

. tiubnim glenoidalP^ 286 

. ; ..;l 4 »byrUi&,o£ etihim»id, 1S» , * 

■/o' ?■ -ifT' ' '1 ’■ j/-'r 





Lachrymal groove, 128, 129, 134, 147 
process, 135 
sac, development of, 39 
Lacunae of bone, 69 
Lambda, 164, 166, 174 
Lambdoid ligament, 354 
suture, 164, 108, 148, 154, 1^5 
Laraellse, cutaneous, 28, 29 
interstitial, 69 ^ 

fundamental, 69 
osseous, 69 

Lamina or Lamiiia3 cribrcya, if 5, 126 
hbro-cartilaginea interj^ubica, 283 
lateralis, 158 ^ 

p;*ocessus jiterygoidei, 122, 152 
medialis, 158 
processus j^tcrygoidei, 122 
nasal, 39 

vertebral, 74, 76, 77, 78, 80, 82 
Larynx, develoj)nient of, 34, 36 
Lateral angle, inferior, of sacrum, 84 
^ fold, 26, 48 

ligaments of ankle, 296, 297 
of elbow, 272 ^ 

of jaw, 374 

of knee, 290 ^ 

of patella, 289 
of wrist, 275, 276, 278 
mass of atlas, 76 < 

of ethmoid, 124, 125, 172 
of sacrum, 81, 83, 90 
plates, mesodermic, 24, 29 
Latissimus dorsi muscle, 307, 313, 317, 373, 397 
Layers of blastoderm, 16, 17 
germinal, 16, 17 
of Bauber, 17 
scleratogenous, 28 
Leg, developmeift of, 45, 65 
mscisB of, 353 

intermuscul5?'5'epta of,. 354 * 

muscles of, 355, 357, 3^*3 
Leptoprosop^ skulls, 174 
Leptorliiiie skulls, 175 
Levator anguli oris muscle, 377, 378 
scapuhe muscle, 309, 313, 372 
ani muscle, 411, 412 \ 

glandulae tibirroidea3, 385 
labii superidris milscle, 37i , 378 
aheque nasi, ^377, 378 *■ 
menti muscle, 377, 378 ^ 
palati muscle, 390, 391 
palpebras'isuperioris niiisclc, 379, 380 
prostatsD muscle, 411 
Levatores-costarum mii.scles, 393, 397 
Ligaments, 248, 249, 252 ; acfomio-clavicnlar, 
266 ; adventitious, 263; alar, 259, 293; of 
ankle-joint, 296; annylar, of^'ankle, 354; 
anniilaj’, of >vriBt', 322 ; ai;ciiate, 396 ; arcuate, 
of pubis, 284 * astragalo - calcaneal, 298 ; 
afltragalo-s(iaphoid, 299 ; atlo-axoid, 257 ; of 
Bigelow, 286 ; calcaneo - cuboid, 300, 304 ; 
calcanco-fibular, 297 ; calcaneo -metatarsal, 

■ 355 ; calcaiieo-scap^ioid, ^99, 304 ; calcaneo- 
tibial, 297 ; of carpal joints, 277 ; carpo-meta- 
carpal, 279; check, 259; common, anterior, 
of spine, 265; common, posterior, of spine, 
265 ; conjugal, of ribs, 262 ; conoid, 266, 267 ; 

- *coraco-anroinial, 267 ; coraco-clavicnlar, 266 ; 
corac^-glenoid, 269 ; coraco-humeral, 269, 312 ; 
corcgiary, 292 i cc»stOrCoracoid, 310 ; costo- 
Btemal, 263, 204 ; costo-transve^, 262j 263^ ; 
CQsto-vertC^^ral,?61‘; costo-ixiphoid, 264 ; coty- 


loid, 286; crucial, of atlas, ‘269 i feruciah 
knee, 291*; cubo^ Cuneiform, 301 j deltdidi . 
297 ; of elbow-joint, 271 ; laloifom, of saph-^: 
enous opening; 338, 340; fiiMilbrm, ^364 ; ^ 
of Gimbema^ 401 ; gleno - humoral, 269 ; 
glenoid, 268 ; of hip-joint, 286 ; ilip-femoral, . 
286, 288,* ilio-lumbar, 282, 283 ; ilio-trocb- 
anteric, 2^; interarticular, 250, 252, 262, 
264, 287 ; intercbondral, 263 ; interdavicislar, ; 
266, 267 ; intercuneiform, 301 ; intermeta- , 
tai*sal, 303; iivtcrosseotiB, 277, 278, 279, 296, 
299, 300, 301, 302, 304; interspiiiDUS, 266 ; 
intertrapBverse, 266 ; iscbio-cagsufe?, 287, 
288 ; o^ knee-joint, 289, 290 ; lambdoid, 3^4 ; 
lumbo-fostal, 263 ; lumbo-sacral, 281 ; 

•leolar, 295 ; metacarpo - phalangeal, 28u<r 
metatarso-jphalangeal, 303; morphology of, 
253 ; oblique, 276 ; occipito-atloid, 268 ; occi-' 
pito-axoid, 258; odontoid, 259; 'oj:bi<;ul'asv 
274; of patella, 289, 338, 343, 354; pisi- 
inetacarpal, 278 ; pisi -unciform, 278 ; plantar, 
300 ; of Ponpart, 400 ; pterygo-spinous, 261, 
374; pubic, 284; pubo-capsular, 287; pubo- 
. femoral, 287, 288 ; pubo-prostatic, 410; radio- 
carpal, 274, 276 ; rhomboid, 266, 267 ; sacro- 
coccygeal, 256 ; sacro-iliac, 282 ; sacro-sciatic, 
great, 283 ; sacro-sciatic, small, 283 ; scapbo- 
cuboid, 300 ; scapbo - cuneiform, 301 ; of 
scapula, 267 ; of sboujder-joint, 268 ; spheno- 
maiidibular, 35, 260; spino-glenoit, 267,; 
stellate, 261 ; sterno- clavicular, 265, 267 ; 
sfcemo- costal, 264; stylo -hyoid, 35, 261; 
stylo-mandibular, 261, 374 ; subpubic, 284 ; 
supraseapular, 267 ; sypraspinous, 266 ; talo- 
calcaneal, 298, 299 ; taio-fibular, 297 ; talo-' 
tibial, 297 ; tarso-metatarsal, 302 ; temporo- 
mandibular, 259, 260 ; tibio-fibular, 294, 296 ; 
tibio- navicular, 297; transverse, of aceta- 
bulum, 286; transverse, of atlg,s, 25'#, 269; 
transverse, humeral, 269 ; transverse, of knee, 
292; transverse, metacarpal, 279, 280, 323 ; 
transverse, metatarsal, 303, 356 ; transverse, 
perineal, 284 ; trapezoid, 266, 267 ; triangular, 
of perineum, 284, 409; vamnal, 323, 366; of 
vertebral column and skull, 253 
Ligamentum or Ligamenta, accessoxia, 303, 326, 
327, 359 

apicis dentis, 269 ^ 

brevia, 326, 327, 359 

loiiga, 326, 327, 369 ' 

mucosiim, 293 ^ 

nuchas, 256 

posticum AVinslowii, 290 
subflava, 255 
teres femoris, 287, 288 
Limbs, development of, 46, 64, 65 
lower, articulations of, 286* ' 


bones of, 207 
fasciin of, 336 
movements of, 366 
muscles, 336 
morpbolo^ of, 246 ‘ 
of muscles ofi 413 
upper, articulations of, 266 
bones of, 178 
fasciae of, 367 " 

musdes of, 307, 313, 317 
Limb-gisdles, 246; ; 

Linea or Lineae, ^l>a, 399 o 
aspera of femiir, 219, 220| 222: 
;v'interctnidyl6idea^.220. - i 
:^:nuchaB ibierior; of 6^ 




I'i’ 
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liiiiea or Line®, nuch® m^dianaj of occipital 
bone, 106 . • . 

• BU]^rfor, of occipital lione, 106, 150, 154, 
157f 161 

sunreraa of occipital bone, 106, 150, 164 
semilunariB, 401, 403 
tiansvers®, 403 . .n 

Line or lines, curved, of ilium, 2jte, 209 
vof occipital bone, 106, 160, 1*4, 157, 161 
epioond^iic, 220 
ilio-pectinoal, 210, 213, 217, 
intertrtcbanteric, 218 
mecRl^ 6 • 

mylo-byoid, 140, 162 , 

'Clique, of mandiblp, 139, 140, 162i 
V of tibia, 226* * • 

pe^neal, 220 
popliteal, of tibia, 226 

• ff^iral, of femur, 218, 220 

of pelvis, 409, 411 
Lingiialis muscle, inferior, 387 
/superior, 387 
Lingula, 121, 14l 

Linm,^, 9 . , 

Lips, development of, 39, 65 
Long bones, 68, 69, 70 
Loiigissimus capitis muscle, 368 
cervicis muscle, 368 
dprsi muscle, 367,, 368 
Loiij^UBii^olli ifluscle, 393 
Lumbar fascia, 307, 365 
rib, 89, 91,97 
vertebr®, 73, 80 
Lumbo-sacral joint, 28J 

• ligament, 281 

liUnibricales muscles of foot, 360, 364, 365 
of band, 327, 334, 335, 336 
Lympbatic vessels of bones, 72 

bfalar bone,*l00, 131, 146, 147, 148, 155 
arcbitccture of, 133 
connexions of, 133 
ossification of, 133 
' Variations 

: canaL 

; (jentre, 1^^ 

.crest, 121 

/process, 129 ^ 

tuberosity, 132 

, 1 ^ 

a. QQ 

7 : vertebr®, plji 89 
H 37, 41, 413 



Mastoid cvinaliculus, 114 
foramen, 113, 162, 166 
process, 113, 117, 118, 154, 162, 172 
Maturation of ovum, 12 
MaxUla, inferior, 100, 134, 148, 153, 162, 173 
architecture of, 141 
bodjr of, 139 » 

ossification ftf, 141 
ramus of, 139, 140, 142, 153, 162 
A^ariations in, 141 

suj^erior, 100, 127, 146, 147, 148, 152, 156, 168 
antrum of* <8«;<A%Max illary sinus 
arcbitectuiv. of, ISQ « 

body of, 127 • 

connexions of, 130 ^ 

ossification of, 130. 
processes of, 127, 129 
variations in, 130 

Maxillary process, 34, 37, 39, 40, 66 
of malar, 135 
of palatt^ bone, 138 

sinus, 127, 129, 130, 131, 146, 148, 168, 169,. 

171, 172 

Maxillo-turbiual,*! 35 

Meatus, auditory, exienial, 113, 116, 118, 161 
• aevelopnient of, 42 
inferior, 148, 168, 172 
inteiiial, 116, 166, 168 
middle, 125„129, 148, 168, 172 
superior, 125, 168 
Meclianism of foot, 304 
of pidvis, 284 

Meckel, cartilage of, 35, 141 
Median line, 6 
Mod ulla of bone, 69 
Medullary arttuies, 72 
cavity, 69, 70 
Iblds, 19 
groove, 19 

Megacephalic skulls, J73 i 

Megadout skulls, 176^ 

Megaseme skulls, 175 ■“ ^ • 

Membrana atianto-occipiinlis, 258 
sterni, 263, 264 
tectoria, 258 
Jympani, 41 * 

Membrane bones, 70, 177 
bucco-pharyngearf, 32, 33, 37 
cloacai, 19, 22, 43, 44 ^ 

chorionic, 50 ^ 

costo-coracoidi 30Sr • 
interosseous of forearm, 875 » 

of leg, -295. . 

nuclear, 9 • « 

: obtumtor, 28^- ■ 

periosteal, 69;.. • 

.. spiral, •WffclS-. ' '.v? 

. vitelline, ;10,- ' 

Membranes, fgctaly ®6, 57V — ^ 

SynovW, 249, 260, my ^0, 

278, 280, -,287, 298, 297, 301. ' ■; J '/• 
MembrSanous mniunij X76; ^ V 

Menis(m»; 2W), 2^jj60, 

.. .V.-latei-alfegenu, 

■ V’.. madkli^;Jgen^^■■.292■■^■■. 
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Mespblast, 18 
Mesocephalic skulls, 173 
Mospderm, 18, 19, 21, 24, 48, 63 
lateral plates of, 24, 29 

somites of, 24, 28) 
structures formed from, 28 
Mesodoiit skulls, 176 * 

Mesogiiatlious skill Is, 17 5 
Mesorhiiie skulls, 175 
Mesoscme skulls, 175 
Mcsosternum, 91 r * 

Mesuraiiic ski^Jls, 175 ^ 

Metacarpal bones, 1 97, £03 
arcliitecture of, 205 
ossification of, 205 
variations in, 205 
ligament, transverse superficial, 323 
Metacarjio-plialangeal joints, 280 
Mctapliase, 9, 10, 13 
Metasteiiium, 91 
« Meta tarsal bones, 242 
architecture of, 243 
ossific.ation of, 243 * 

variation in, 243 

ligaments, transverse, 303, 355 • • 

Metatai'so-jjhalangeal joints, 303, 304, 364 
Metopic suture, 103, 155 
Metrio-cephalic skulls, 174 , 

Microceplialic skulls, 173 
Microdont skulls, 176 
Microseine skulls, 175 
* Microsome, 8 
Mid-gut, 31, 32 
Mitosis, 9 
Morphology, 2 

of appeiiclicular skeleton, 245 
of liead-muscl8s, 413 
of ligameni;s, 253 

otVliinbs, 249^ ^ • 

of limb-muscles, 413 
of piiimitive streak, 19 
of skeletal muscles, 412 
of skull, 176 
of sjiermatozoaj 15 
Morula, 7, 17, 62 * 

Mouth, devel^mieut of, 34, 36, 39 
muscles of, 377, 3>3 ' ^ 

primitiA^e, 32 • 

Movable joints, 24fe 
MoAHJinents in leapkig, 36S 
in locomA tion, 365t 
of respiration, 397 
in swallowing, 391 c 
in Avalkiiigs 365 • 

Muller, inuscie of, 380 
Multifidiis spime muscle, 370, 372^373 
Muscle or Muscles, of abdominal wall, 397, 
398, 465 * 

abductor d‘igiti quiuti, 329, 334, 362, 364 
halliicis, 361, 364 
longus pollicis, 333 
I minimi digiti o( loot, 362, 364 
of liand, 329, 334 * 
pollicis brevis, 328, 334, 336 
obliqiius, 329, 334, 336 
accessorius of back, 368 
. of foot, 360, 364 ; 

a3tlu%tor brevisjr345, 352, 353, 373 
longus, 345, 352, 353, 373 
inagfiiis, 346, 352, 353, 373 c 

minhiMcjs, 346 



Muscle or Muscles, adductor obliquus liallucis, ’ 
362,364 . • 

pollicis, 329, 334 • •’ % 

traiisversus lialliicis, 363, 364 r 
pollicis, 329, 334, 336 
agitator caudie, 348 . 

anconeus, 332, 335 
appendiculkr, 306 

of arm, 318' • 

attollens aurem, 376, 378 
attrahens aurepi, 376, 378 
auricularis anterior, 376 < 

posterior, 376 « 

superior, 376 
axial, i)6, 365 * 

mzygos uvula3, 390, 391' , • 

of back, 307, 366, 871 
biceps bracliii, 319, 320, 321, 335 
femoris, 350, 352, 353 
biventer cervicis, 370 
bracliialis anticus, 320, 321 
bracliio-radialis, 331, 335 
buccinator, 377, 378, 381, 383, 391 
bulbo-oavernosiis, 407, 408 
of buttock, 347, 352 
cervicalis ascendens, 368 
chondj'o-epitroch ] ea ris, 310 
clioiidro-glossus, 386, 388 t 

circnmflexiis palati, IJi)0, 391 
clcido-mastoid, 383 * 

cleido-occipitalis, 383 
complexus, 369, 372 
comiDi’essor bulbi, 407 
hemispheriiim bullj, 407 
naris, 376 * 

radicis penis, 407 • 

urethrae, 408, 409 
veiue doi*salis penis, 408 
constrictor ifiiaryngis, inferior, 389, 3£3, 413 
middle, 389, 391, 413 * * 

superior, 388, 391, 413 
nretlira?, 408, 409 
coraco-brachialis, 318, 320, 321 
superior, 319 
corrugator cutis aiii, 407 
8n})ercilii, 376, 378 
costo-coracoideiiB, 310 
cremaster, 402, 405 
crnreiiB, 342, 352 * 

cucullaris, 307 « 

dartos, 405 t 

deltoid, 314, 317 
depressor alae nasi, 376 . 
angiili oris, 377, 378 ^ 

labii iiilbrioris, 377, 378 
septi, 376 

description of, 306 t •' 

dcA’^elopment ol^ 412 
diaphragm, 394, 397 
digastric, 385, 387, 388, 413 
dilator naris, 376 
dorso-epitrochl§aris,t 310 
of ear, extrinsic, 376 
ejaculator tirinee, 407 
epitrochleo-anconeuB, 332 
erector clitorMis, 407 ^ 

' penis, 407 g;:., 

spipae, 367, 372, 373 - • ■ 
extensor brevfe digitpruto, 351^; :363| :3 
' 365; 


pollicis, "33.3, ■■ 335, 836 < 

.■ carpi radialis breyior, 331^ 335. 
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w Mtlso^ extensor 4rpi i-adialis 
; .Iffligior, 33i; 330# f 
uliunis, 332, §35 
commiinM digitomm, 331, 335 
halliicis loiigiis, .356 
indicis, ,334, 335 

loiigus digitorum, 356, 363, 364 ,365 
pollicis, 334, 336, 336 i 
. primi inteniodii hallncis, lb? 
minimi digiti, 332, 335 
oasis metacaiipi i)ollicis, 333, 335, 336 
basis jpetatarsi hallucis, 38? 
pi^fiiyiiis halliicjs, 356, 363, 364, 365 
V quiiiti digiti proprius, 332, 335 * 
■OTeyelids, 376, 378. ! 

^of face, 376, 3ff8 , 418 • • 

fas^cnli of, 305 
flexor acc(3ssoi*ius, 360, 364 
^ • brevis digitorum, 361, 364, 365 
ballucis, 362, 364 
minimi digiti of foot, 363, 364 
of hand, 329, 334, 335, 336 
brevis" pollidfs, 329, ,334, 336 
flexor carpi radialis, 324, 334, 335 
Tilnaris, 326, .334, 336 
caudaj, 411 

• digiti quinti brevis, 329, 363 
longu^digitorum, 369, 364, 365 
halliiois, 360, 364, 365 
^ l^lliciSf 328, 334, 336 
profundus digitorum, 326, 334, ,335 
sublimis digitorum, 325, 334, 336 
of foot, 366, 361, 363 
of forearm, 323, 326, 331, 332 
• gastrocnemius, 368, 863, 364 
> gemellus inferior, 360, 362, 353 
superior, 350, 352, 353 
genip-hyo-glossus, 386, 387, 388 , 
^ni«-hyoid, 386, 387, 388 
•glosso-ph(#yngeu8, 388 
gluteus maxiirins, 347, 352, 353, 373 
medius, 348, 362, 35,3, 373 
minimus, 349, 352, 363, 373 
gracilis, 345, 352, 353 
Mmstritig, 350 
of hand, 321, 328 
of head, 374, 413 
hyo-glossue, 386, 387, 388 
Oi hyoid bone, 383, *387 
^liacus, 343, 344, 352, 353, 373, 406 
^ 346 / ^ 

ilio-capsularis, 346 : 


^MbTSain’ai^ 411^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

::SyCrii4jp8tiiie8;^ft4v39^ . 
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Muscle or Muscles, levator anguU oris, 377, 378 
scapulfiB, 309, 313, 372 
ani, 411, 412 
glandulic thyroideoi, 385 
labii superioris, 377, 378 
ala*que nasi, 377, 378 
menti, 377, 378 
pahiti, 390, 

palpohra? superioris, 379, 380 
l)tostata\ 411 

levatores eostanim, 393, 397 
lingualis iiifeilor, 3^7 
superior, 387 , ,, 

of little Huger, 329 > 

longissiimis capitis, 368 
loiigissiinus cei’vieis, 368 
dorsi, 367, 368 
longus colli, 393 
of lower limb, 336 
luiubricales of foot, 360, 364, 365 
of hand, 327, 334, 335, 336 
nuisseitu*, 381, 383, 388 
of 1 u asli l^a tioii , 381, 383 
morph ology oJ‘, % 12 
of mouth, 377, 378 
of Mailer, 380 

niultiiidus spinie, 370, 372, 373 
mylo-hyoid, 386, 387, 388 
nasalis, 376 ^ 

of neck, 383, 391 
of nose, 370, 378 

ohliquiis extorniis abdominis, 399 
inferior, of neck, 371, 372 
of orbit, 380 
internus abdominis, 401 
superior, of neck, 371, 372 
of orbit, 379, 380 

obturator exhjrnus, 347, 352y 353, 373 
internus, 349, 352, 353, 373 * 
ojcipito-lTontalis, 375, 378 - ^ t, 

omohyoid, 384, 387;.j^ 388 
oiipoiicms digiti quinti, 329, 334, 336 . 
minimi digiti, 329, 334, 336 
pollicis, 329, 334 
orbicularis oris, 377, 378 
palpebrarimg 376, 378 
of orbit, 378, 380, 413 
origin of, 306 <•»» * 

l.)alato-glos8us, «387, 388, 391 
palato-pharyngeus, 389, di90j 391 
palmaris brevis, 3 SI o 
longus, 324, 334, 335 f 

. pectineus, 345, 352, 363 
of jKsctoral region, 31Q, 313 
liectoralifl luaj^r, 31Q, 313, 317,, 397 : 

minimus, 312 * 

minor, tSll, 31^397 
of X)elvis, 405, 41(J , • % 

of perineum, 40d* . “ 

peroheo-eolcaneuB, 361 ; * * ^ 

^.^/extemuBj-SS?. 

; perbneo-cub0]deus,;-357 ' ^ ■ 

"pewneus: acce^rius^ 3^ ■■ ■ ' > 

:-brevis,--^7y:-3^f/364:; - ^ 

-longus,. 357, '363, ^364 y-:':.-: 

.V /quh3Lti.'d%itif--367r^^^ " ' ■ " 

-SOB,:- 36.4'’ ' 'i'- r 

v^-.-.'/plautane, :358,<363;-'064'::.:...-. 









Muscle or Muscles, pronator qiiadratus, 328, 334, 
335 . 

radii tores, 324, 334, 335 
psoas magiuis, 343, 352, 372, 373, 405 
parvus, 343, 352, 372, 373 
pterygoid, external, 381, 383 
internal, 382, 383 
pubo-cavemosus, 408 ’ ‘ 

pubo-coccygeus, 411 

pubo-reclaiis, 411 \ 

pyramidalis abdominis, 402, 405 
pyramidalis nasi, 376, ,378 ^ 
pyriformis,(349, 352,^353, 373 
quadratus fern oris, 330, 352, 353 
lumlK)riim, 405 
qnadratiiB plantte, 360 
quadriceps extensor feinoris, 340, 352, 353 
rectus alxlomiiiis, 403 
capitis aiiticus major, 392 
minor, 392 

lateralis, 371, 372, 393 
f posticus major, 371 

minor, 371 

feinoris, 340, 352, 373 ' 

of orbit, external, 379, 380 
inferior, 379, 380 
internal, 379, 380 
superior, 379, 380 
of respiration, 393, 397 , 

retralieiis aurem, 376, 378 
rboniboideus major, 309, 313 
minor, 309, 313 
‘ risorius, 377, 378 
rotator liunieri, 319 
rotatores doi’si, 371, 372 
sacro-spinalis, 367 
salpingo-pbaryiigeus, 389 
sart/Orius, 340, <"352, 373 
scalenus aiijiicus, 391, 397 
cmedius, 3bi, 397 f < 

posticus, 392, 397 , 

of scalp, 375 , 378 
scansorius,' 349 

semimembraiiosus, 351, 352, 353 
semispinalis capitis, 369 
coUi, 370, 372 
dorsi, 374^,, 372 

semitendinosus, 3i^l, &52,'C53 
serratus, anterior, 312 < 

nlagnus, 312, iil3, 397 
posticus, inferior, 366, 372, 397 
siipeS^ior, 366j 372, 397 
of slioulder, 314 
skeletal, 305, 306 < 

of soft palate, '390, 413 ‘ 

3 soleus, 358, 363, 364 

sphincter ani extemus, yJ06, 408, 412 
vagiiise, 407 * ^ 

spinalis dorsi, 3^68 
splenius cgCpitis, 367, 372 
colli, 367, 372 
I stenialis, 310 
sterno-clavicularia 312 
stemo-cleido-mastoid, 38«^, 388 
sterno-liyoid, 384, 387, 388 
steriio-mastoid, 383, 388, 397 
.^sterno-thyroid, 384, 387, 388 
■stylo-glos8U8, .886, 387, 388 
atylo-nyoid, 386, 387, 388, 413 
stylft-pliaryngeuB, 389, 391, 413 , 

subanconeus, 320. i 

siibclaviiv:, 312i 313 ^ / 


. - f- ■■ ■ ■ ■■■• • ■ 

Muscle or Muscles, subcostaled,' 394, 39?: 
suberureuB, 343 ^ ^ / 

subscapularis, 316, 317 
minor, 316 

supinator brevis, 332, 336 
supra-hyoid, 385, 387 
supraspiyatus, 316, 317 
temiDoral, tel, 383, 388 
tensor fasciTe feinoris, 348, 352, 373 

suralis, 351 ■ ^ 

palati, 390, 391 
tarsi, 376, 378 

tores major, 316, 317 r - 

minor, 316, 317 

of thig?, 336, 340, 345,, 350, 352 
fof thorax, 393, 397 ^ f 

of thumb, 328, 336 
ihyro-hyoid, 385, 387, 388 
tibialis anticus, 355, 363, 364 
Iiosticus, 361, 364 
tibio-lascialis anticus, 356 . 
of tongue, 386, 387, 413 , 

trachelo-mastoid, 368, 372 
tran sversal is abdominis, 402 
cervicis, 368 

transverse, of tongue, 387 
traiisversus ani superficialis, 407, 408 
]>erinei profundus, 408 . 

thoracis, 394 , 

traije/ius, 307, 313 ' > 

triangularis sterni, 394, 397 
triceps brachii, 320, 321 
feinoris, 367 
of upper limb, 307 , 

vastus externus, 342, *352 
intermedins, 342 
iiitenius, 342, 352 
zygoma ticus major, 377, 378 
minor, 377, 378 « 

Muscle-cells, 305, 306 ^ 

Muscle-plate, 28 

Muscular process of vertebrju, 73, 74 
system, 305 

Musculo-spiral groove, 186 
Myelocoole, 28 
Myelospongium, 20 
Mylohyoid groove, 141, 142 
muscle, 386, 387, 388 
ridge, 140, 162 
Myology, 3, 306 
Myotomes, 29, 177, 306, 412 
cephalic, 413 
Myrtiform fossa, 127 

Nail in embryo, 45, 64' 

Nares, anterior, 168 
posterior,^ 167, 158, 168 . ^ 

Nasal aperture, anterior, 144, 147, 175 
bone, 100, 133, 134, 147, 168 
cavity, development, 39, 40 . 
crest, 130, 169 

canal of, 146,^6^.171 
development of, 39 
fossa, 144, 168, 172 ■ 

index, 176 
laminsB, '39 ■ 

notch, 101, ■12T. _ / 

process, of frontal bone, 101 • v ^ 
i^"'' lateral, .38,' 39 ■ ■■, 

J of maxilla,. 129'-' 

C : septuin, 40, 148, 165, m iVl, 176 ' 

. ^ spine, ianteriorj 127, 1^,^ ; „ y; , c 





; ;;: sr^rfronlltl suture, 144 

S t;^¥fM^cul^ bone of foot, 238, 241, 246 
Of liaftd, 197, 198, 203 . . 

of; 34, 36, 36,46 

■ Nerve or ^ erves of bones, 72 

^of inTWlesof abdominal wall, ^06 • 

V of arm, 320 , 

, I 

; O of buttock, 362 * • 

V d|ibot, 363 

• •of hand, 334, 
of hyoid bone, 387 
of leg, 363 
of mastication, 383 
; of orbit, 380 

region, 310, 311, 313 , 

# of pelvis, 412 

of perineum, 408 
. • pre vertebral, 393 
362 

. of thora;^, 397 • 

^f t*Ague,^l387 

;• r . between trunk and upper limb, 313 
of shoulder, 316 
to scalp-muscles, 378 
. N eural arch. . See Arcl^ 

• canal, 74, 86, 87 

• crest, 20 
ectpderin, 27 
foldi 63 
.groove, 19, 63 

V'. fulWj SIO • • 

f N^^ 

Neuro-central synchondrosis, 89 

• Neirolp^,,3 ; 

, . Neurb 

■■'■''NeUrbii, 21-' ^ 

: ■ V' NosCj, development of, 36, 38, 39, 40, 66 

1 ' 52 . ;Sf«e a/so Nasal fossa3. 

■v'/5.V'’mu^-es.of^^^ 

;^#otocSicadal area, 22 * ^ 

>fastuiai;uiies» m^mm 

of bone, 106, 160, 164, 167, 







Obliqiius interhus abdominis musdej 401: v 
superior muscle, of neck, 371, 372 
of orbit, 379, 380 
Obturator canal, 284 
crest, 211 

externus muscle, 347, 362, 353, 373 

fascia, 409 " 

fommeii, 207, 212 

proqve, 211, 212, 213 

iiitenjus muscle, 349, 362, 363, 373 

membrane, 28^ 

tul>ercle, anterior, 242 

posterior, 212 ^ ^ 

Occipital angle of paritSal bone, 104 
bone, 100, 105, 148, 150, 154, 178, 156 . 
condylic parts of, 106, 108, 109 
connexions of, 109 
architecture of, 109 
l)asilar part of, 106, 108, 109, 159, 165 
ossification of, 109 
tabular jiart of, 106, 110 
variations in, 109 
condyles, 108, 109, 161 
tlimJ, 77, lOSr 
crest, i^xtcjrnal, 106 
• intenml, 107, 166 
lirotiiberance, external, 106, 160, 164, 161 
internal, 107, 166 
OccipiU)-atloid joint, 268 
movements at, 372 
ligaments, 268 

Occi pi to-axoid ligaments, 268 
Occipito-frontalis muscle, 376, 378 
Occipito-mastoid suture, 148, 161 
Oculo-nasal sulci, 39 
Odontoid ligaments, 269 
process, 77, 89, 90 

QSsophageal opening of diaphrSgm, 396 
Olecranon fossa, 188 

process, 189, 193 « / /— ^ ; 

Olfactory groove, 126, #64 
pits, 38 9 '' 

•Ohgolecithal ovum, 11 
Olivary eminence, 119, 164 
Omdhyoid muscle, ^,384, 387, 388 
Ontogeny, 1 

Oolemma, 10, II ^ 

Oosperm, 16 ^ * 

Ophryon, 173 : ^ > 

Opisthion, 161,^ 166, 15^4 

Opisthotic portion of tempoiW ; 

Opponens minimi digit! mtfllcie^ 329; 334; ; 

poUids muscle, 329, 334, 336 
Optic foramen, 12p, 146, 1?^ i, 

.groove, 119... ■:■■■■ 

. Omcuiar:ligaiiiei%;274::: : V ■ /■.' ---"vx 

: lasdft.’ofe 378-' V.^:.' 

146 : -.■ : yy : ,'; 

;? ■vaiiid4xr:178V- 
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Ortliocephftlic skulls, 174 
Orthognathoiis skulls, 175 
Os calciSj 236, 241, 245 
centrale, 202 
coxae, 207 
Incse, 109 

intermeOitarsuin, 243 ^ 

Japonicujn, 133 

linguae, 142 ^ 

magnum, 197, 200, 203, 245 
odontoideum, 77 

planum of ethmoid, 1£5, 126, 147 
pubis, 207^211 e 
trigonum, 234, 235, 241, 246 
susteiitaculi, 238, 241 
unguis, 1.34 
Vesaleaniiin, 243 
Ossa triquetra, 197, 199, 203 
Ossicula epipteric, 116, 127 
of Kerkring, 110 
Ossification, 70 

of special bones, ^ee under the several bones 
Osteoblasts, 70, 71 
Osteoclasts, 71 

Osteology, 3, 67 ^ 

Ovum, 7, 10 
alecithal, 11 
ceiitrolecithal, 11 
at different periods, 62 r 
eutelolecitlial, 11 
fertilisation of, 15, 62 
maturation of, 12 
oligoleciihal, 11 
segmentation of, 16, 62 
special characters of, 12 
tololecithal, 11 

Pacchionian de*J)resaions, 104, 162 
Pad, suctori&J,. 373, 378 
Palatal process, 127, 129, 157, 168 ^ 

Palate bone, 100, 136, 116, 152, 155, 168 
cleft, 131< 

development of, 39, 40 < 

hard, 148, 155, 157, 172, 173, 175 
muscles of, 390, 413 ^ 

Palatine canal, accessory, 1^, 154, 158 
anterio?;* 130, 157, 168 
posterior, 129, '130, 13^; 138, 154, 157 
fossa, anterior, <130, 167 ■ 

Palat6-maxUlary canal, if 29 
index, 176 

Palato-glossus muscle, 386, 387, 388, 391 
Palato-pharyngcus muscle, 389, 390, 391 
Palmar fascia, §23 ‘ 

Palmaris b?«3 vis muscle, 321 
longus muscle, 324, 334, 336 
Pauiiiculus adiposus, 30f ' 

carnosus,tl75 ‘ ^ 

Parachordal cartilages, itO 
Paramastoicl process, 109 
Parapopliysis, 91 
Paraxial mesoderm, 24 
Parietal bone, 100,< 103, I 48 , 154, 155 
ossification of, 105 
variations in, 105 
eminence, 103, 150 
foramen, 104, 106, 164, 162 
Parie^jp-mastoid suture, 148 
Paroccipital process,; 77, 109 
Patella, 223 

articular surface, of, 289 ‘ . 

. ligaments of, 289, 338, §43, 364 ^ ^ 


Pectineal line, 220 
Pectineus muscle, 34fl^, 352, 353 
Pectoral girdle, 246 

region, fasciee of, 309 • • > ; 

muscles of, 310 

ridge, 186 • 

Pectoralis ffimjor muscle, 310, 313, 317, 397 . 

minimus, »12 

minor mu^le, 311, 313, 397 • 

Pedicles of vertebrae, 74, 75, 77, 78, 80 
Pelvic fascia5, parietal, 409 
visceral, 409 
girdle, 207, 246 
Pelvis, 2 J3 

articullitioiis of, 281 ? 
axis of, 215 « * 

brim of, 215 
diameters of, 215, 216 
false, 214 ‘ 
fascia} of, 405, 409 
growth of, 216 
inlet of, 215, 216 
ligaments of, 281 
< major, 214 

mechanism and movements of, 284, 353, 372, 
405 

minor, 214 ' 

muscles of, 405, 410 f 

outlet of, 215, 216 V 
position of, 215 * • 

sexual differences in, 215, 217 
true, 214, 215, 216 
Pericardial area of foetus, 22, 31 
Perichondrium, 70 
Perimysium externum, 305 
internum, 306 
Perineal fold, 44 
ligament, transverse, 284 
Perineum, fasciie of, 405 ^ ** 

muscles of, 406 
triangular ligament of, 284 
Periosteum, 69, 70, 71 
Peroneal biuie, 228. 
spine, 237, 238 

Peroneus accessorius muscle, 357 
brevis muscle, 357, 363, 364 
longus muscle, 357, 363, 364 
quinti digiti muscle, §57 
tortius muscle, 356, 363, 364 
Peroneo-calcaneus muscle, 357, 361 
Peroneo-cuboideiLS muscle, 357 
Petit, triangle of, 309, 401 
Petro-basilar fissure, 116- 
Petro-occipital fissure, 160 ' 

Petrasal process, 120 
Petro-squamous fissure, 116 
8utui*e, llO, 112, 116 < ' 

PhacnozygouB crania, 155, 176 ^ 

Phalanges, 197, 206, 244 
of foot, 244 
of hand, 197, g06 

Pharyngeal tubercle, ^108, 169, 162 ; 

Pharynx, development of, 32 ' 
muscles of, 388, 391, 413 
Philtmm, 38 . 

Phylogeny^ 1 ' ' ; ■ 

Pillars of external abdominal ring, 401 
Pinnaf development oj^ 41, 42 ; ■ J: : V; ; 
Msi-cuneiform ^rticulaMbrfJ 278 ■ 

Pisiform bone, 197, 199, 203, 246 
Pisi»metacarpal Hgamcinti 278 
Pisi-uhcjforna lig^ 
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Kt, auditory, 63 ; 

6fueck,91 . • . 

ofi stcouatli, 92, 99 
Pituitary, development of, 40 
fossa, 118, 166, 176 
Placeiita, 61, 65 
foetal, 62, 66 
maternal, 63, 66, 66 
separation of, 57 
Placental area, 23, 47, 50, 62 
Plantar fascia, 366 ^ 

V ligameids, 300 
!]%uta?t^m^cle, 3£^, 363, 364 
PiaUgrcnemia, 227 
P^jmerie,^222 • 
djiatyrliine skulltef 176* 

Platy%na myoides, 374, 378, 413 
Point, alveolar, 173 
•j®galf 174 
occipital, 167, 173 
subiiasal, 173 
Polar bodies, 13, 14 
field, 9 

Poplit^l fascia, 338 • 

groove, 221 
line, 226 
•surface, 220 
Popliteus fascia, 359 
miificle, 359, 363 • 

^iilbr, 359 
Post-anal gut, 44 
Post-auditory process, 117, 118 
Post-coronal depression, 160, 155 
Post-glenoid tubercle. 111 
Post-sphenoid bone, 123 
Poupart, ligament of, 400 
Prediordal portion of skull, 176 
Precoracoid, 246 
Prelialltix, 2^6 

PrVinterpanetal bones, 109, 110 
Premaxillos, 131 
Premaxillary suture, 131 
Prepollex, 246 
Presphenoid bone, 123, 176 
Prestemum, 91 
Prevertebral fascia, 374 
Primitive alimentary canal, 31 
groove, 19, 63 
streak, 18, 19, 63 
Primordial bones, 177 
Proatlas, 109 • 

- Proainnion, 21 
Proamniotic area, 21 

Process or Processes, accessory, of vertebrae, 80, 

• .rSlV 


aiyeolax^ofsuperiorinaxilla,^!^^ 129,148,172 
s angi^a^ 100, 102, 144 

S amci^ of vertebree, 74, 76, 77y 78, 79^ 81, 

S^iwafe.:i06,-166,17e^ . 

'oi- vertdbiraj'.'Ol;' ■ 

‘;o'’ 

... ........ 


Process or Processes, ethmoidal, of inferior tur# 
binated bone, 135 

falciform, of sacro-sciatic ligament, 283 
frontal, of superior maxilla, 127, 129, 147 
of malar bone, 132 
fronto-nasal, 37, 38 
fronto-sphenoidal, 132 • 

globular, 38, 39, 65 
hamular, of splienoid, 122, 168 
of laclirvmal, 134 
intorinaxillary, 39 
intrajugulare,108 » 

E lar, of occi2)ital btuie, 108, <3.57, 161 
L-ymal, of in leriof turbinated bone, 136 
lateral nasal, 38, 39 
malar, of superior maxilla, 129 
marginalis, of malar bone, 132 
mammillary, of vertcbriu, 81, 89 
mastoid, 113, 117, 118, 162, 172 
maxillary, of inierior turbinated bone, 136 
of palate bone, 138 
of mandibular arch, 34, 37, 39, 40, 66 
of vertebrie, 73 

nasal, of frontaPbone, 101, 169 
of sui>erior maxilla, 129, 168 
• odonl!bid, 77, 89, 90 
olecranon, 189, 193 
orbital, of malar, 132 
of palate., 132, 138, 146 
palatal, 127, 129, 167, 168 
2 )arama 8 toicl, 109 
I)aroccipital, 77, 109 
petrosal, 120 
post-auditory, 117, 118 
pterygoid, 122, 168 
j)terygo8pinouB, 122 
j)yramidal of palate, 138, 152, 168 
sijlienoidal, of i)a]ate bone, 1157, 138, 168 
spinous, of vcji-tebrae, 74, 75, 77,^8, 80, 81, 82, 
«5, 86, 90 , • 

styloid, of fibula, 2Sjj^ 
of radius, 196, 196 t * 

. of temporal bone, 35, 112, 114, 117, 151, 

. 153, 160, 162 
» of ulna, 192 

of third meta&rpal, 204, 205 
tem 2 )oral, of nmar b^ne, 132 
transverse, of vdftobrfjo, ^4, 76, 76, 77, 78, 79, 
80, 81, 84, 85,»86, 91, 16^ 
trochlearis, 237 ^ 

turbinated, of ethmoid, 125, 148, 168, 171 
tulMjrcular, of vertebra, 94 
uncinate, of ethmoid, 126 
nneiforra, of ui^ciform bone, 201 
. vaginal, of temporal bone, il2, ^61, 153, idO; 
of sphenoid, 122, 158 
xiphoid, -.9111 92.-; ■ :- 0 . \ 
zygomatic, of frohtel bone, ^!02 ^ 
of temporal bone, llO, 1 IJl^ 151, 167:; ; 
of superior maxilla, 127 * 

; of malarbbne, 132\‘-^-^^ 

^ Proctodaeiim,- 44, .66- .. ■ :■.■ ■* ■ ; v- ^ 

, •.;;PtoghA.tlious.stulls,:^17.6.'-.- 
ProxnQutoi^ of sacru^ 

Prbnatipn, irtovemt^iiLt dJ> 276^, 321; $36 v . 

■ Prpxuttpr quadratus 328, . 334; 336 r ^ 

i'. : -;.;ia4U'ter©s:miiscle;v324,'.384/^ 

::>iiop!j£^ 

.-Prptipj^^ 
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Protoplasmic process of Deiters. See Dendrite 
remnant, 14 . 

Protovertebral somites, 24, 28, 29, 63 
Protubemnce, mental, 139 
occipital external, 106, 160, 154, 161 
internal, 107, 165 

Psoas inagAus, 343, 352, 353, J72, 373, 405 
parvus, 372, 373 

Pterion, 116, 149, 164, 174 ^ 

Pterotic part of temporal bone, 117 
Pterygoid fossa, 122, 158 ^ 

muscle, external, 381, fi83 ^ 
internal,c382, 383 
notch, 123 • 

plate, external, 122, 152, 158 
internal, 122, 123, 158, 168 
process, 122, 158 
ridge, 122, 150 
tubercle, 122, 158 
Pterygo-maxillary fissure, 152* 153 
Pteiygo-palatine canal, 122, 138, 154, 158 
sulcus, 122, 138 

Ptcrygo-spinous ligament, 261, 374 
process, 122 ^ 

Pubic arch, 215 

crest, 211, 216 ^ 

ligaments, 284 
portion of fascia lata, 337 
spine, 211, 216 
Pubis, 207, 211, 214, 246 
Pubo-capsular ligament, 287 
Pubo-Cfiveiiiosus muscle, 408 
Pubo-coccygeiis muscle, 411 
Pubo-lbjn'oral ligament, 287, 288 
Pubo-prostatic ligaments, 410 
Pubo-rectalis muscle, 411 
Pyramidal boiit^ 199 
process of j)alStc bone, 138, 152, 158 
Pyramidalistf^bdoininis muscle, 402, 405 
n&si muscle, 1576, 378 ^ 

Pyrenin, 9 ^ 

Pyrifcfrmis fascia, 409 
muscle, 349, 352, 353, 373 

Quadratus femoris nnisde, ^50, 352, 363 
liiniborum muscle, 405 

Quadriceps aKtensor fijunoris muscle, 340, 362, 
353 •" 

Eadiali'ossa, 187 ^ 

Radiale, o,;^ 245 
Radio-carpal joint, *275 
movements at, 276 
synovial mgmbranc of, 276 
Eadio-ullla^'^joint, inferior, 274 
superior, 273 

Radius, 193 , • ^ 

arcliitectiv’e of,' 196 ^ 

connexions of, ^196 
homology of, 246 
movements of, on ulna, 275 
ossification of, 196 
variations in, 196 ^ 

Ramus of ischium, inferior, 210, 214, 215 
superior, 210, 214 

of lower jaw, 139, 140, 142, 153, 162 
pubic, inferior, 211, 214, 215 . 

^ siiperio'r, 21b 214 
Rathke, pouch ot 40 ... 

Rauber,^Iayer of, 17 . ‘ 

Reccssus sacciformis, 274 ' 


Recto- vesical fascia, 410 * 

Rectum, developmehf of, 32, 43 
Rectus abdominis muscle, 403 ^ ' 

capitis anticus major muscle, 392* 
minor muscle, 392 
lateralis muscle, 371, 372, 393* 
posticMfumajor muscle, 371 
minoilinuscle, 371 
femoris ‘muscle, 340, 352, 373 
muscle of orbit, external, 379, 380 
inferior, ^79, 380 
internal, 379, 380 < 

supyerior, 379, 380 ^ 

Red mai'Kow, 70 
Reichert^ cartilage ob l^i^ 

Reproductive cells, 9, lO • ’ 

Respiration, iiiovemcnt of, 397 
muscles of, 393, 397 
Retinacula, 286 

Retrahens aiirem muscle, 376, 378 
Rhomboid ligament, 266, 267 
Rhoniboidal sinus, 20 „ 

Rhomboideus major muscle, 309, 313 
^ minor muscle, 309, 313 ^ 

Ribs, 94 

architecture of, 97 
bicipital, 97 
cartilages of, 97, 263 
cervical, 78, 89, 91, 97 
eleventh, 96 
false, 94 
first, 96 
floating, 94 
lumbar, 89, 91, 97 
movements of, 264, 397 
ossification of, 97 
second, 96 
tenth, 96 
true, 94 
twelfth, 96 
variations in, 97 
vertebral, 94 
vertebro-chondral, 94 
vertebro-sternal, 94 
Ridge, epicondylic, 186 
interosseous, of fibula, 229 
of tibia, 226 
intertroclianteric, 218^ 
mylohyoid, 140 
oblique, of clavicle, 179 
pectoral, 185 « 

pterygoid, 122, 150 
superciliary, 101, 144, 172 
supraorbital, 101 ’ 

temporal, 101, 166 
trapezoid, 179 

Wdffian, 64 • , 

Ring, abdominal, external, 401, 40^ 
internal, 403 
crural, 340, 401 
tympanic, 117^ 

Risorius muscle, 377, *378 
Rostrum of sphenoid tone, 120 
Rotation, movement of^ 261 
Rotator humeji muscle, 319 
Rotatores dorsi muscles, ^371, 372 . - 
Running, movements of, 365 • : 

Sajpi lachiymab^developineSit of, 39 
Sia <?i*al canal , 84 : " • . 

prpipohtory, $3^216 
Sacror(MJccyg6aI jpintj 266 
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S^crb^iliac joint, 282 
iligameiits, 282 > ^ , 

Saero-^iaCic foramen, 214 
ligamen’^ls, 283 
notch, 214, 215 
Sacro-vertebral angle, 85, 216 
Sacrum, 81, 213, 215, 216 
ossification of, 90 
pl-omontory of, 83, 216 
serial homology of, 91 
variations in, 84, 87 • 

agittal fentanelle, 105 
planS,^ « • 

mlcus, 104, 107^ 

^ sfiture, 104, 154, IGf , 172 I 

^alpingo-phaiyhgeal iimscle, 389 
Sapl%ioua opening, 337 
Sarcolemina, 305 

SartOriiM muscle, 340, 352, 353, 373 
Scalene tubercle, 96 
Scalenus anticus muscle, 391, 397 
modius inuscl% 391, 397 
posticus muscle, 392, 397 
Scalp, ^mscles ol^ 375, 378 
Scansorius muscle, 349 
, Scapho- cuboid joint, 301 
Scapho-cuiieiform joint, 301 
Scaphoid Iwne, 197, 198, 202, 203, 238, 246 
fossa, 122, 158 ci 
ScafpuJiJ 180 
arcliitectui'e of, 1 83 
connexions of, 183 
homology of, 246 
ligaments of, 267 o 
iiiovemeuts of, 313 
** ossification of, 183 
variations in, 183 
Scapulo-elavicular joint, 266 
Sgarpa* forajjiiina of, 130, 167 
Schindylesis, 248 
' ■ Sciatic foramen, great, 283 
small, 283 
notch, great, 210 
small, 210 

. Scleiatogenous layer, 28 
Secondary bones, 177 
. Seg:mental type, 2 

- Segmentation cavity,- 17 
: ofhead> 177 

? ;■ nucleus, 15 • 

of ovum, 16, 62 

- planes ofi 17 

•Semicanaiis m. 113 

tip 

pBOxhiluftar bbhe,"^^^ 

^($emihiemi)ranous^^i^^ 363 

rp^ji^^h^is -muscle,; 3^ .P vp,;p . ; 

^^^::ap^37o^372:- 






Septum or Septa tub®, 113 
Serial homology, 3 
of vertebr®, 90 

Serratus magnus muscle, 312, 313, 397 
posticus inferior muscle, 366, 372, 379 
supeiior muscle, 366, 372, 397 
Sesamoid bones,^207, 246, 280, 303, 329, 343, 
369 

Shoatl], carotid, 373 
crufel, 340 

digital, of fillers, 323 
of toes, 355 * 

femoral, 398, 339 « i 

of rectus muscle, 403^ 
synovial, at wrist, 322, 323 
Shin, 226 
Short bones, 68 
Shoulder-blade, 180 
girdle, 183 

movememts^of, 313, 388 
fascite of, 314 

joint, 268 * 

bursie coniiecited with, 270 
movements al, 270, 317, 321 
muscles of, 314 
Sigmoifl cavity, great, 190 
small, 190 
of radius, 196 
notch, 141, 143 
Sinus arc^iiatns, 33, 36 
ethmoidal, 16S) 

frontal, 102, 103, 126, 146, 169, 170, 172 
maxillary, 127, 129, 130, 131, 146, 148, 168,' 
169,171,172 
of palate bone, 169 
rhomboidal, 20 

sph(moidal^ll8, 120, 123, 124, 147, 166, 168, 
169 • 

tarsi, 236 • 

Skein, chromatin, 10^ • 

Skeletal muscles, 306^306 
Skeleton, 67 , • * 

appendicular, 67, 68, 245 
axial, 67, 68, 177 

development ot^ 23, 28, 34, 35, 39, 40, 45 
splanchnic, 67 ^ 

Skill of embry o, 65, 66^ p 

Skull, .99, jSfee aflb Craniftm, Face 
age differences fa, 172 ^ 

akroce 2 )halic, 174 ^ 
bones of, 100 ♦ 

brachycexihalic, 173 • 

brachyfacial, 174 
brachyuranic, jl75 • 

breadth of, 174 . 
capacity of, 172 
chammceplialic, 1)1 
chordal|176 
/ coiisplidati^ 

' ' coronal sections of, 170 ; 

^ptozy^^^ 

; 
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Skull, leptorhine, 1*75 
ligaments of, 253 
ineaBuremeiits of, 173 
mogaceplialic, 173 
megadoiit, 176 
megaseine, 175 
. mesaticephalic, 173 
mesial sagittal section of, lfl6 
mesoceplialic, 173 
inesodont, 176 
mesognathous, 175 
mesorliine, 175 a 

mesoseme, 1*75 • 

mesuranic, 175 • 

motppic, 103, 155 
metnocephalic, 174 
microcephalic, 173 
microdont, 176 
microseine, 175 
morphology of, 176 * 

nei*vc foramina of, 178 
' norma basalis of, 155 
frontalis of, 144 
lateralis of, 148 • 

occipitalis of, 154 
verticalis of, 165 
orthocephalic, 174 
ortliognatlious, 175 
phainozygous, 165, 175 ^ 


platyrhme, 175 
prechordal, 176 


prechordal, 176 

primordial, 177 

prognathous, 175 

in section, 162 

sexual differences in, 172 

tapeinocephalic, 174 

trabecular jDortion of, 177 

upper aspect base of, 162 

vertebral pfa tion of, 177 

vortebrate theory of, 1J7 • 

as a wliole, 178 , 

Sole, muscle^ ol^ 361 
Soleiis muscle, 358, 363, 364 
Somatopleure, 24 
Somites, mesoderm ic, 24, 28 
protovertebral, 24, 28, 29, ^3 
Space, intercostal, 98 
Spear of speriiiatozO*n,*15 ♦ 

Sperm cells, 13 • 

Spermatic lascia, 4bl ^ 

Spermatid^ 13 ^ 

Spermatocysts, m 
Spermatogonia, 13 
Spermatozoa, 7, 13, 14, 16 
Spheiio-ethmoidal recess, 168* 

» Sphenoid bmie, 100, 118, 145, 146, 147, 148, 
152, 155, 156, 164% ^ 

architecjjure of, 123 
connexions of, 123 ^ 

ossification of, 123 
variations in, 123 

Sphenoidal angle of parietal bone, 104, 160 
crest of sphenoid 4)Oue, 120 
fissure, 120, 121, 144, 14^?, 165 
process of palate, 137, 138, 168 
sinus, 118, 120, 123, 124, 147, 166, 168, 169 
turbinals, 124, 168 
; spin^ 120 . 

Spheh(fmandibuh>r ligament, 35, 260 
Spheno-maxillary fissitre, 121, 127, 132, 146, 
160,151,153,157,169 
fossa, 153f 154 


Spheno-palatine, foramenj 138, 164, 168 
notch, 138 . • , 

Spheno-parietal suture, 148 ® * • 

Spheno-petrous fiissure, 169, 160 ♦ 

Spheno-squamous suture, 162, 157 
Spheno- vomerine canal, 136 
Spheno-zygomatic suture, 147 
Sphere, attiAtion, 9, 10, 15 
Sphincter anPexteinus, 406, 408, 412 
vagina?, 407 

Spina angularis pf siDhenoid, 120, 161 
trochlearis of frontal bone, 102, 14i 
Spinal cai^il, 74 ^ ^ 

column^ 72. See also Vertebral column 
foramei, 73, 74, 76, 7Q. 78, 80 ' 

Sjpinalis oorsi muscle, 368 • « 

Spindle, achromatic, 10, 13 f 

Spine. See Vertebral column 

alar, of sphenoid bone, 120, 161, 152,»15X,^6fi 
ethmoidal, 120 
genial, 140 

iliac anterior inferior, 207 ^ 
superior, 207, 216 

posterior inferior, 207 « 

superior, 207, 216 
ischial, 210, 214, 216 
mental, 140 

nasal, of fronial bone, 101 • 

anterior, 127, 130,<J47 
posterior, 137, 157 • # 

palatine, 137 
peroneal, 237, 238 
pubic, 211, 216 
of scapula, 180, 181 ^ 

sphenoidal, 120 • 

of tibia, 224, 225 • 

Spino-glenoid ligament, 267 
Spinous processes of vertebra?, 74, 75, 77, 78, 80, 
81,82,85,86,90 • 

Spiral filament, 14, 15 * * 

line of femur, 218, 220 
Spirem, 10 

Splanchnic skeleton, 67 
Splanchnology, "3 
Splanchnojdciire, 24 
Splenial centre, of inferior maxilla, 142 
Splenius capitis muscle, 367, 372 
colli muscle, 367, 372 ^ 

Spongioblaste, 20 

Spongioplasni, 8 • 

Spongy bone, 135 • 

Spot, germinal, 10 

Squama occipitalis, 106 , ^ 

Squamosal bone, 176 • 

Squamaso-mastoid suture, 110, 112 
Squamous suture, 148 , 

Stalk, allantoic, 49 • 

body, 31, 48, 63 ^ ■ .. 

Stellate ligament, 261 
Stenson, foramen of, 130, 131, 157 
Stephanion, 150, 155, 174 
Sternal angle, 92 • . 

articulations, 264 - 

Sternalis muscle, 3i0 ■ ■ ' ' 

Stemebrae, 91 

Stemo-clavicular joint, 2€6, : 267 ' i 
movements a,t, 313 

Storno-^davicularis musde, 312 > ; 

Sterno-cleidp-m6stbid miiscte, 383, ^88^.^ J . ^ ^ 
Steriio-hyoid/mu8cle^384, 387, 

Steimo-mastoid- muscle, 383,-388, 397-: 
Sterno-thyroid muscle, 384, 087, 3^' ' ^ 
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atcMfe^ V 

" .oddificatitn of, 93 
yariations in, 93 
Stomach, pit of, 92, 99 
. Stomatoda&um, 32, 37 •. 

Stratum compactum, 64, 66 Jf 

spongiosum, 64, 67 3 

Streak, primitive, 18, 19, 63 
Stylo-glossus muscle, 386, 387-388 
■^ylo-hyajs, 36, 117, 143 
S%lo-lfJr«id ligameitf, 36, 143, 261 . 

Hmscle, 396, 387, 388, 413 • 

^ylhid process of fibula, 228 j 

of radius, 194, 19# ' a 

; d| temporal bone, 112, 114, 117, 161, 163, 
^ 160,162 
• * deiirelopment of, 36 
- process of metacarpal, bone, 204, 206 
of ulna, 192 

Stylo-mandibular ligament, 261, 374 
Stylo-mastoid foAmen, 114, 161, 162 
Stylo-pjjaryngous muscle, 389, 391, 413 ^ 

Subacromial bursa, 270 
Subanconeus muscle, 320 
;Subarcuate fossa, 116, 118 
Subclavian#groove, 96 
Subclaviiis muscle, 312,^13 
SuhsoraJloid centre, 184, 246 
. Subcostal angle, 99 
groove, 96, 97 
muscles, 394, 397 
Subcrureus muscle, 34^ 
iSubdeltoid bursa, 270 ‘ 

Subnasal point, 173 
Subocciyital triangle, 371 
Subpubic ligament, 284 
Subscaf ular J)ursa, 270 
lossa, 183 

Subscapularis muscle, 316, 317 
minor, 316 

Suctorial pad, 373, 378 
Sulcus or Sulci. See also Groove 
calcanei, 236 

; ' costal^ 

ethmoidalis, 133 
fi^ontal, 102 * 

4^ 134, 147 

latei'i^I, of skulh 104 • 

^ malleolaris, 227, 231. 

oculo-na^l, 39 
• pterygo-palftine, 122, 138 
. sflgittalis, 104, 

'%ii,';233 ■ 

; traniipersm oftiwipital bone, 107 

; .;tuh0f 



Supraspinous fossa, 182 
ligament, 266 
Suprasternal notch, 91 
Supratrochlear foramen, 188 
Surgical neck of humerus, 186 
Sustentaculum tali, 237, 238, 241 
Sutura deiitata, 248 ^ 

liarmoiiia, 248'* 
limbosa, 248 
notHa, 248 
serrata, 248 

sphcno-zygonu^tica, J^47 
squamowi, 248 # 

vera, 248 * 

zygomatico-maxillaris, 144, 147, 162 . 
zygomatico-frontalis, 144 
Sutural bones, 127 
Suture, 247, 248, 252 
coronal, 104, 148, 165, 172 
frontal, 144 
frouto-malar, 144 

fronto-maxillary, 144 '* 

froiito-squamosal, 116, 127 
intermaxillary, «129, 147 
internasal, 134 

• lambaoid, 104, 108, 148, 154, 166 ' 
nialo-inaxilkry, 144 
nietopic, 103 
naso-frontal, 1^4 
occipito-mastoid, 148, 161 
orbito-maxillaTj frontal, i26 
palatine, middle, 167 

transvemo, 157 * 

parioto-mastoid, 148 
petro-8(jjuamosal, 110, 112, 116 
premaxillary, 131 
sagittal, 104, 154, 165, 172 
spheno-parfetaJ, 148 a 
spheno-sqiiamous, 162, 167 .• 

stftiamosa-mastoid, 110, 112 * 

sqiiamoiiB, 148 t 
Swallowing, movements in, 391 • 

Symmetry, 4 
Symphysis of jaw, 139 
.pubis, jai, 214,^16, 216, 283 
Synarthrosis, 247|^249, 262 
Synchondrosis, 2-&, 248, 262 
iieiiro-central, 95 # ' 

Synovia, 248, 262^ 

Synovial burs©. ^e^Buma* 
fat-pads, 260, 273, 287 • - 

membranes, 249, 260, 2^S6, 270, 273, 274, 276j 
278, 280, 287, 293, 297, 301 
sheaths at wri|t, 322, 323 : 

Systematic anatomy, 3 . •• . 

Tail, 44,^^^^^^ # , 

T»^^cttndaljbinV2985 30f ♦ 

Talo-calcanethuavicudar joiixt> 299 ; ; 
Talbirflbular ligament^ 297: ^ ^ 

Talo-scaphoid joink 299^: 394^ : - ^ 

Tflkld-tibm ligaiueiAa^ 297 ' . 

i.Taluii 23$;. 

Bltullis, 174f 

- •Tafeatei;piB>:^246-:V^^ < 
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Tarsus, transverse articulation of, 300 
Teeth, relative sizes of, 176 
Tegmen tympani, 116, 165 
Telolecithal ova, 11 
Telophase, 9, 10 
Temi^oral area, 121 
bone, 106, 110, 148, 160, 151, 154, 157 
architecture of, 116 ^ 

connexions of, 116 
' ossification of, 116 

petromastoid part of, 110 , 113, 116, 157, 
164, 165 ^ 

squamous part of, 5 . 10, 116, 117, 157, 164 
tympanic part of, llO, 112, 116, 157 
variations in, 116 
canal, 133, 151 
crest, 101, 103, 149 
lascia, 373 

fossa, 103, 150 , 

line, 101, 103, 144 
muscle, 381, 383, 388 
“ process, 132 
ridge, 101, 155 

Temporo-maxillaiy arch, 13ti 
joint, 259 

Tendo Acliillis, 358 ^ ' 

Tendon, conjoint, 401, 402 
Tenon, caj^sule of, 378 

Tensor fascia? feiiioris muscle, 348, 352, 353, 
373 

lataj muscle, 348, 352, 353, 373 
^ palati muscle, 390, 391 
tarsi muscle, 376, 378 
Teres major muscle, 316, 317 
minor muscle, 316, 317 
Tetrad, 13 

Thigh bone, 217 ^ 

Tlioracic vertebra?, 73, 78 
Thorax, 98 c 
a]!iertures of, 98, 99 ^ 

fascias of, 309 ( 

in foetus, 99 
joint -8 of, 26*1 
muscles of, 309, 393, 397 
sexual differences in, 99 , 

walls of, 98 

Thumb, movemeut-s of,^328 
muscles of, 328, 

Thyro-glossal duct, 36 ^ 

Thyro-hyal, 143 ‘ ^ 

Tliyro-hyoid arch, 34, 35, 413 
bar, 143 

muscle, 385, 387, 388 
Thyroid cartilage, development of, 36 
foramen, 207, ^12 
u Tibia, 224 

architecture of, 227 V / ' 
connexion^, of, 227 
homology of, 24^5 ^ 

ossificatioh of, 228 
variations in, 227 
Tibialc, os, 245 

^ iTibialis anticus mu&cle, 356, 363, 364 
^ posticus muscle, 361, 364^ 

Tib io-fascialis anticus muscle, 356 
Tibio-fibular joint, inferior, 295 
movements at, 364 
sujjerior, 294 . 
ligament, interosseous, 296 
transverse, 296’^ 

TibidS^navicular 'ligam:ent, 297 < 

Toes, digital aheaiiis of, 355 ^ ^ > 


Toes, movements ofi 364 / 

Tongue, development of, 33, 36 
muscles of, 386, 387, 413 ■ ' " f 

thyro-glossal duct of, 36 
Topograpliical anatomy, 4 
Torcular Herophili, 107 • 

Trachea, caMIaginous rings of, 94 
development of, 36 

Trachelo-maStoid muscle, 368, 372 ' 

Transversalis abdominis muscle, 402 
cervicis muscle, 368 
Transverse carpal articulation, 277 ' 
humeral ligament, 269 c . , " . 

intermotacarpal ligament, 279 / 

ligamefit of acetabulup, 286 ' ■ 

I. of knee, 292 

tibio-fibular, 295 f ^ 

, metacarpal ligaments, 280, 323 
metafarsal ligament, 303, 356 ^ c x 

perineal ligament, 284 
proc(?sses of vertebras, 74, 75, 76, 77, 78, 79, 
80, 81, 84, 85, 86, 91, 16? 
tarsal articulation, 300 
yransversus ani superficialis muscle, 4^7, 408 
perinei j^rofundus muscle, 408 
thoracis muscle, 394 
vaginae muscle, 408 
Trapezium, 197, 199, 203, 245 
Trax^ezius iriuscle, 307^ 313 
Trapezoid bone, 197, 200, 203, 245 ^ 

ligament, 266, 267 
ridge of clavicle, 179 
Triangle of auscultation, 307, 309 
of Hesselbach, 405 < 

of Petit, 309, 401 
8uboccix)ital, 371 
suprameatal, 151 
Triang\dar fascia, 401 
fibro-cartilage, 274, 276 , ^ 

ligament, 409 
of xwjrineum, 284 

Triangularis sterni muscle, 394, 397 
Triceps brachii muscle, 320, 321 
cruris muscle, 357 
Trochanter major, 218, 222 
minor, 219 
tertius, 219, 222 
Trochlea, 187 ^ » 

of femur, 221 
tali, 232 

of obliquus superiefr muscle, 379 
Trochlear fossa, 102, 146 
spine, 102 

surface, 184 ^ 

Tul)er ischii, 210 
maxiUare, 128, 152 

montale, 139 -71, 

parietalc, 103, 160 . e . 

Tubera frontalia, 100 
Tubercle or Tubercles, accessory, 80 
adductor, 220, ??3 ^ ^ : 

of astragalus, 233, 236 
of atlas, 76 ^ . ^ 

conoid, of scapula, 179 ^ ■ 

of cuboid bope, 240 
deltoid, of clavicle, 179^ 
of femur, 217 
genital, 43 , 66; 
mental, 139 ^ : 

* of metacarpal, hope, 206' 

■■■r' obturator, .2i2.7. 

7 of 08 calcis, 236 ; ; ; 
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Tuberde or Tubercles, plmryngeal,^108, 169, 162 
post-glenoid. 111 •: . • 

122, 168 

of qu^ratuB, 218 
of nb, 94, 96, 96, 97 
scalene, 96 

of tibia, 224, 225 • 

of transverse processes of vertebra, 75, 79, 80 
o¥ zygoma, 111 • 

Tubercular process of vertebra, 91 
^Tuberculum impar, 33 t 
^iugulaif, 108 

VpDulal^, ^2 • • 

Hiajus, 184 • 

• m!tnus, 186 ^ J 

^ p(^riu8, 76 ' • 

pulicum, 211 
ipllse, 119 

• tiftgicftm, 41 
Tuberosity or Tuberosities, bicipital, 194 

of femur, 220, 221 

of £fth metat^al, 243 

of first metatarsal, 242, 243 

of hi^eriis, 184, 185 

of ilium, 210 

of ischium, 210, 216 

malar, 132 ^ 

of maxitta, 128, 129, 162 

of n£||yicula|i bone, 239, 241 

df ps calcis, 237 

of palate bone, 137, 138, 152, 168 
of scaphoid, 198, 246 
of tibia, 224, 225 
^ of ulna, 190 . e 
^urbinals; spheroidal, 124, 168 
Tiirbiiiated processes of ethmoid, 125, 148, 168, 
171 

bon^ inferior, 100, 136, 148, 168, 171 
«crest, infegior, 129, 137 
superior, 129, 138 ' 

Tympanic canaliculus, 114 
cavity, 116 
membrane, 41 

plate. 111, 112, 116, 153, 160, 172 
ring, 42, 117 
Tympano-hyal, 36, 117 
Tympano-mastpid fissure, 112 
Tympanum, 116. 8^ also Tympanic cavity 

; development of, 42 


^,189 ■ . • • . 

architecture of, 193 
connexions of, 192, 

■ homology 
‘ ; ossifica.tion of, 193 ^ 

rXlmbiWctfl a 




Vaginal process of temporal bone, 112, 161, 163 
160 

of sphenoid bone, 122, 158 
Vascular area, 68 
system, primitive, 67 
Vastus extemus muscle, 342, 362 ^ 

iiitermedius mpscle, 342 
intemus muscle, 342, 352 
Veins^or Vein, allantoic, 69 
of bones, 72 
development of, 60 
of embryo, 60 * « 

umbilical, 50, 61 • • 

vitelline, 60 

Vertebra or Vertebra?, 72 
anticlinal, 86, 74, 75, 76, 81, 86, 90 
architecture of, 87 
cervical, 73, 74, 75, 77, 78 
coccygeal, 73,«84, 90, 213 
common characters of, 73 
dorsal, 73, 78, 79 
epiphyses of, 89, 90 
false, 72, 73, 81 
fixed, 72, 73, &fy 85 
^ lumbir, 73, 80, 81 
movable, 72, 73, 74, 85 
number of, 73, 87 
ossification ol', 88 
prominens, 74 
pseudo-sacral, 91 
sacral, 73, 81, uO 
serial homologies of, 90 
thoracic, 73, 78 
true, 72, 73, 74 
ty|)ica], 73 

variations in, 76, 77, 78, 81, 84, 87 
Vertebral apgneurosis, 307, 365, 366 
border of scapula, 180 • 

column, 72 • 

•articulation with cranium, 258 * 

curves ot\ 86, 86* 
length oiV 87 , • 

ligaments of, 253 
iiiembranous, 28 
r ' movements of, 256, 371, 405 
variations ill, 87 
as a whole, ^ • 

foramen, 73, 7^ 75, 7e,«78, 80 
formula, 73, 87 
ribs, 94 f • 

Vertebrarterial foramen, 7^, 76, 77f 78, 91 
Vertebrate theory of skull, 177 
Vertebro-chondral ribs, 94 / 

Vei’ttibro-stemalmbs, 94 
Vertical plate of ethmoid, I2i, itfs 
of palate bone, ;^7, i54 ^ 

Vesalius, foaSknen off 121, 162, 166 ; 

Yeside, blastodermic, 17, 48 : 

.-chorionic, -’60.' ' ' i 

■■ ,^rminaL, 10 , 11 '■ 

--'.tiinbilicaV46 ^ 





lo-n" 



: m, 155, 168 

ardiitecture of, 136 
connexions of, 136 
ossification of, 136 
variations in, 136 

Walking, movements of, 366 ^ 
Wliarton,'jelly of, 50 
White line of pelvis, 409, 411 
Wing, orbital, 120, 145 
temporal, 120, 146 < 

Wolffian boclv, 30 c 
ridge, 45, 64 

Wormian bones, 103, 127, 164 
Wrist, annular ligaments of, 322 
bones of, 197 
movements at, 335 
synovial sheaths at, 322, 32^ 

Xiphisternal joint, 264 
sternum, 91, 92 


2Qylioi3 cartilage, 91^ 92, 264 


Y-ligameht of Bigelow, 286 
Yellow marrow, 69 
Yoik, 10 
formativf., 10 
granules, ^0, 46 
nutritive, ^0 
sac, 46, 68; 63 , 
cavity of, 26, 48 


Zona orbicularisj 286 
pellucida, 10, 11 
striata,; 11 

21^gapop]iyses, 74, 91, r.f 
Zygoma, 110, 111 

^gomatic arch, 150, 151, 165, 157 . 

^ fossa, 152, 159 c 

process, 110, 111, 127, 129, 132, 161, 
Zygomaticus major muscle, 377, 378 
minor muscle, 377, 378 . 
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